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i M A MM E V Q G &6 P § L G Q T C V L I V
i ATGGCTATGATGGAGGTCCAGGGGGGACCCAGCCTGEGACAGACCTGCGTGCTGATCGTG

21 I P T V L L ¢ S L C VvV A VT XY V Y F T N
61 ATCTICACAGIGCTICCTGCAGTCTCTCTGTIGTCGCTGTAACTTACGTGTACTTTACCAAC

41 E L XK ¢ M @ D K ¥ & K 8 ¢ I A C ¥ L X E
121 GAGCTGAAGCAGATGCAGGACAAGTACTCCAARAGTGGUATTGCTIGTTTICTTAAAAGAA

61 D D S Y W D P N D EE S M N S P C W Q V

181 GATGACAGTTATIGGGACCCCAATGACGAAGAGAGTATGAACAGCCCCTGCTGGCAAGTC
81 K W ¢ L R Q@ L V R K T P R M X R L W A A

241 AAGTGGCAACTCCGTCAGCTCGTTAGAAAGACTCCAAGAATGAAAAGGCTCTGGGCCGCA
101 K * (SEQ ID NO:1)

301 AAATAA (SEQ ID NO:4)

Figure 7
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1 T P R M K R L W A A K ¥ (SEQ ID NO:2)
1 ACTCCAAGAATGAAAAGGCTCTGGGCCGCAAAATAA {(SEQ ID NO:5)

Figure 8
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781
841
901
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1021
1081
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1201
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1321
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1621
1681
1741

TITCATTTCC
TGGCTGACTT

GACCCAGLCT
TCTGTGTGGC

ACTCCAAAAG
ACGAAGAGAG
GAAAGATGAT
ATATTTCTCC
CCAGAGGAAG
GCAAAATAAA
TGAGGAATGE
ACTTTCGATT
ATATTTACAA
GTTGTTGGTC
AGCTTAAGGA
ACCATGAAGC
CAATAACCTIC
AATCTGACCA
TAGAGCAGCC
CCCAAGAGAA
CAGAAATCTA
TTATAATCTA

TGTATCACAG
GAAGAGGCAC
RACATTTTGG
CAACATAGTG
TGUCTGTAGT
AGAGGCTTGCA
TGGTTTCAAA
ATTCTATTAC

Aug. 30, 2011

TCACTGACTA
ACAGCAGTCA
GGGACAGACC
TGTAACTTAC
TGGCATTGCT
TATGAACAGC
TTTGAGAACC
CCTAGTGAGA
AAGCAACACA
CTCCTGGGAA
TGAACTGETC
TCAGGAGGAA
ATACACAAGT
TAAAGATGCA
AAMATGACAGA
CAGTTITITIC
AAAGTGACTA
AAACAAACAA
ACAACCAAAA
TGAAATTGCT
GAAGACTGTC
CTCCTTGTAA
TAGTAGCCTC
CACTAAAAGA
GAACCCAAQGG
AAACCCCATC
CCCAGCTACT
GCTGTGGTGAG

AAAAAAAMAA
AGTATGTCAA

TAAAAGAATA
GACTCTGACA

TGCOGTOGCTGA
GTGTACTTTA

TGTTTCTTARA
CCCTGCTGGC
TCTGAGGAAA
GARAAGAGGTC
TIGTCTTCTC
TCATCAAGGA
ATCCATGAAA
ATAAAAGARA
TATCCTGACC
GAATATGGAC
ATTTTTGTTIT
GGGGECCTTTIT
TTCAGTTTTIC
ACAGAARACA
AATTCTACAA
GAAAGATCTT
AGCTTCCAAA
AGACTGTAGA
CAGGTTTCCT
TCGCAGTTTG
TGGGTAGATC
TCTACTGAAA
TGAGAGGCTG
ATCATGCCAC
ABAAAAACTT
AAAAAAPAARA

Sheet 11 of 19

GAGAAGGAAG
GGATCATGGC
TCGTGATCTT
CCARCGAGCT
AAGAAGATGA
AAGTCAAGTG
CCATTICTAC
CTCAGAGAGT
CAARACTCCAA
GTGGGCATTC
AAGGGTTTTA
ACACAAAGAA

CTATATTGTT
TCTATTCCAT

CTGTAACAAA
TAGTTGGCTA
AGGATGATAC
GAAAACAAAA
CACACACTGT
TCAGGACTCT
CATTAATGCA
AGAAAGAGCA
TAAGGGACAA
CCTGGTGCAG
ACGAGATCAA
GTACAAAAAT
AGGCAAGAGA
TACACTICCAG
CAGTAAGTAC
AAARRA

Figure 9
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GGECTTCAGTG
TATGATGGAG

CACAGTGCTC
GAAGCAGATG

CAGTTATIGG
GCAACTCCGT
AGTTCAAGAA
AGCAGCTCAC
GAATGAAARAG
ATTCCTGAGC
CTACATCTAT
CGACAAACAA
GATGAAAAGT
CTATCAAGGES
TGAGCACTIG
ACTGACCTGG
ACTATGAAGA
ABAACCTCTAT
TCTGAAAGTG
ACCTCATATC
ATGGTTAACA
ACAATCCATIC
CATCCTTAAG
TGGCTCACAC
GAGATCAAGA
TAGCTGGGIG
ATTGTTTGAA
CCTGGCGACA
GTGTTATTIIT

ACCGGELTGCC
GTCCAGGGGEG

CTGCAGICIC
CAGGACAAGT

GACCCCAATG
CAGCTCGTTA
AAGCRACAAA
ATAACTGGGA
GCTCTGGGCC
AACTTGCACT
TCCCAAACAT
ATGGTCCAAT
GCTAGAAATA
GGAATATTTG
ATAGACATGG
AAAGAAAAAG
TGTTTCAAAA
GCAATCTGAG
ACTCACTTAT
AGTTIGCTAG
TCTTICTGTCT
TCTCAAGTAG
TCARAAGAGA
CTGTAATCCC
CCATAGTIGAC
TGTTGGCACA
CCCGLEGAGGC
GAGCGAGACT
ITTCAATAAA

(SEQ ID NO: 3)
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Figure 12
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METHODS OF REDUCING TRAIL-INDUCED
APOPTOSIS BY TRAIL ISOFORMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application 1s a National Stage application under 335
U.S.C. 371 and claims the benefit under 35 U.S.C. 119(a) of

International Application No. PCT/US2007/075115 having
an International Filing Date of Aug. 2, 2007, which claims
priority ol U.S. Provisional Application Ser. No. 60/821,520,
having a filing date of Aug. 4, 2006.

STATEMENT AS 'TO FEDERALLY SPONSORED
RESEARCH

This mvention was made with government support under
Al 062261 awarded by National Institutes of Health. The
government has certain rights 1n the ivention.

BACKGROUND

1. Technical Field

This document relates to methods and materials involved
in apoptosis, apoptosis inhibitors, and to modulating the
activity of TRAIL.

2. Background Information

Apoptosis 1s a normal physiologic process leading to cell
death that can be induced by normal processes as well as
several pathological conditions and injuries. Apoptosis can be
involved 1n conditions including, but not limited to, cardio-
vascular disease, cancer, immunoregulation, viral diseases
(e.g., HIV infection), anemia, neurological disorders, gas-
trointestinal disorders, diabetes, hair loss, rejection of organ
transplants, prostate hypertrophy, obesity, ocular disorders,
stress, and aging.

TNF related apoptosis inducing ligand (TRAIL) 1s a mem-
ber of the tumor necrosis factor (TNF) superfamily of death-
inducing ligands whose members include Fas ligand and
TNF. Ligation of TRAIL to 1ts cognate receptors can cause

cell death by apoptosis or may cause NF-kB activation (Hu, et

al., J. Biol. Chem., 274:30603-10 (1999)). There are three
known TRAIL 1soforms (TRAILa, TRAIL, and TRAILY).
TRAIL has widespread expression on multiple cell lineages
and has shown potent toxicity for many tumors and virally
infected cells, while sparing most healthy cells (Held, et al.,

Drug Resist. Updat., 4:243-52 (2001); Baetu and Hiscott,
Cytokine Growth Factor, 13:199-207 (2002)). TRAIL medi-

ates cell death via binding of one of five TRAIL receptors

(e.g., TRAIL-R1,-R2, -R3, -R4, and osteoprotegerin (OPQG)).
TRAIL-R1 and -R2 can cause an apoptotic signal, while
TRAIL-R3 and -R4 lack intracellular regions that can propa-

gate an apoptotic signal (Wang and FEl-Deiry, Oncogene,
22:8628-33 (2003)).

OPG, a soluble inhibitor of RANK ligand, also binds to
TRAIL 1n humans, and can be a soluble decoy receptor for
TRAIL (Emery, et al., J. Biol. Chem., 273:14363-7 (1998);
Holen, et al. CancerRes 62:1619-23 (2002)) Expression of
TRAIL-RI, TRAIL R2, or TRAIL-R1 and TRAIL-R2 on a
cell 15 required to induce TRAIL-mediated apoptosis of that
cell. However, TRAIL-R1 and/or -R2 receptor expression
alone 1s 1sufficient to render a cell susceptible to TRAIL-
mediated cell death. TRAIL agonists are 1in pre-clinical devel-
opment for used as therapy for human tumors because of their
selective induction of cell death in transformed and virally
infected cells.
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2
SUMMARY

This document relates to methods and materials related to
apoptosis and apoptosis inhibitors. The methods and materi-
als provided herein are based, in part, on the discovery of a
TNF related apoptosis inducing ligand (TRAIL) 1soform,

TRAIL short (TRAIL-s), that can inhibit TRAIL-mediated
cell death (e.g., apoptosis).

In general, one aspect of this document features a substan-
tially pure polypeptide having TRAIL-s activity. The
polypeptide can comprise, or consist essentially of, the amino
acid sequence set forth in SEQ ID NO:1. The polypeptide can
comprise, or consist essentially of, an amino acid sequence
having 80% 1dentity to the sequence set forth 1n SEQ ID
NO:1. The polypeptide can comprise, or consist essentially
of, the amino acid sequence set forth in SEQ ID NO:2. The
polypeptide can comprise, or consist essentially of, an amino

acid sequence having 80% identity to the sequence set forth 1n
SEQ ID NO:2.

In another aspect, this document features an isolated
nucleic acid comprising, or consisting essentially of, a
nucleic acid sequence that encodes a polypeptide having
TRAIL-s activity. The polypeptide can comprise, or consist
essentially of, the amino acid sequence set forth in SEQ ID
NO:1. The polypeptide can comprise, or consist essentially
of, an amino acid sequence having 80% identity to the
sequence set forth 1n SEQ ID NO:1. The polypeptide can
comprise, or consist essentially of, the amino acid sequence
set forth in SEQ ID NO:2. The polypeptide can comprise, or
consist essentially of, an amino acid sequence having fewer
than 5 mismatches as compared to the sequence set forth in
SEQ ID NO:2. The nucleic acid can hybridize under highly
stringent hybridization conditions to the nucleic acid
sequence set forth in SEQ ID NO:3 and does not contain exon
4. The nucleic acid can hybridize under highly stringent
hybridization conditions to the nucleic acid sequence set forth
in SEQ ID NO:4 and does not contain exon 4. The nucleic
acid can hybridize under highly stringent hybridization con-
ditions to the nucleic acid sequence set forth in SEQ 1D NO:5
and does not contain exon 4.

In another aspect, this document features a purified anti-
body having the ability to bind to a polypeptide having
TRAIL-s activity to a level greater than the level of binding to
a TRAILa, TRAILP, or TRAILY polypeptide. The antibody
can have a dissociation constant that is less than 10~ for the
polypeptide having TRAIL-s activity. The polypeptide hav-
ing TRAIL-s activity can be a human TRAIL-s polypeptide.
The polypeptide having TRAIL-s activity can be a polypep-
tide having the sequence set forth in SEQ ID NO:1. The
polypeptide having TRAIL-s activity can be a polypeptide
having the sequence set forth in SEQ ID NO:2. The antibody
can have no detectable binding to a TRAILca, TRAILP, or
TRAILY polypeptide. The antibody can have a dissociation
constant that is greater than 10™° for binding a TRAILq.,
TRAILP, or TRAILY polypeptide. The antibody can inhibit
the binding of the polypeptide having TR AIL-s activity to its
receplor.

In another aspect, this document features a method for
treating a mammal having an apoptosis-associated condition.
The method comprises, or consists essentially of, administer-
ing to the mammal a substantially pure polypeptide having
TRAIL-s activity.

In another aspect, this document features a method for
treating a mammal having an apoptosis-associated condition.
The method comprises, or consists essentially of, administer-
ing to the mammal a TRAIL-s antagonist. The TRAIL-s
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antagonist can be an antibody having the ability to bind to a
polypeptide having TRAIL-s activity.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this mvention 3
pertains. Although methods and materials similar or equiva-
lent to those described herein can be used to practice the
invention, suitable methods and materials are described
below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by refer- 10
ence 1n their entirety. In case of contlict, the present specifi-
cation, including defimitions, will control. In addition, the
materials, methods, and examples are 1llustrative only and not
intended to be limiting.

The details of one or more embodiments of the invention 15
are set forth 1n the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,

and tfrom the claims.
20

DESCRIPTION OF THE DRAWINGS

FIG. 1. (A) TRAIL receptor expression in peripheral blood
lymphocytes (PBLs) infected with HIV. (B) Cell-associated
and (C) soluble TRAIL expression in PBLs infected with 25
HIV. The results shown are the means of four infections,
+s.e.m. (D) Effect of anti-TRAIL antibody on cell viability 1n
PBLs infected with HIV. The data are representative of three
separate replicates. (E) Cell-associated TR AIL expression in
PBLs from HIV-negative donors that were infected 1 vitro 30
with HIV-1 (IIIB) or mock-infected and analyzed four days
later (the results are representative ol four independent
experiments).

FI1G. 2. (A) Effect of anti-TRAIL antibody on the viability
of HIV infected Jurkat T cells. D10O-labeled Jurkat T cells 35
were co-1ncubated with recombinant sk TR AIL or with mock-
or HIV-infected PBLs at the indicated effector-to-target ratios
in the presence or absence of isotype control antibody or
neutralizing anti-TRAIL antibody. Apoptosis was assessed in
the Jurkat cells by gating on the D10 positive cells and mea- 40
suring Annexin V-PE positivity. Data from three experiments
(error bars represent the standard deviation). (B) Blockade of
recombinant TRAIL induced death by preincubation in
supernatant from HIV infected PBLs. HIV-infected or mock-
infected PBLs were incubated at high density for 1 hourat37° 45
C. i PBS, the cells were removed, and the resulting PBS
supernatants were used to treat Jurkat cells. Jurkat T cells
treated with PBS supernatant alone were analyzed for cell
death by propidium 1odide (PI) permeability (top panels).
Jurkat T cells also were preincubated for 1 hour with PBS 50
supernatant from mock- or HIV-infected PBLs, treated with
skTRAIL, and analyzed for PI permeability (bottom panels).
Results are representative of three independent experiments.
(C) Supernatants from HIV infected cells reduce TRAIL
induced apoptosis. Jurkat T cells were incubated with PBS 55
alone, or with PBS supernatant from mock- or HIV-infected
PBLs. The cells were then treated with skTRAIL and ana-
lyzed for apoptosis by Annexin V staining. The Fas-agonist
antibody CH-11 was included as a positive control, and the
graph presents the means from six experiments, £s.c.m. 60

FIG. 3. (A) Schematic of the genomic organization of
TRAIL indicating the transcripts which encode TRAILa, 3,
and v. Arrows 1ndicate the position of primers designed to
identify TRAILa, 3, and v transcripts. (B) TRAIL 1soform
expression in PBLs infected with HIV. HIV- or mock-infected 65
PBLs, cultured in IL-2, were analyzed at the indicated time
points for TRAIL message using primers that amplify

4

TRAIL-a, 3, and v. As controls, untreated PBLs, PBLs
treated with interferon-c., or Jurkat T cells treated with inter-
feron-a were used to identity TRAIL-a, 3, and y. RT-PCR for
actin served as a control. (C) Novel TRAIL splice variant
expression 1n HIV-infected cells, termed TRAIL-short
(TRAIL-s). Arrows indicate position of primers designed to
identify TRAIL-s.

FIG. 4. (A) Flow cytometry detection of TRAIL-R2 1n the
presence of TRAIL-s. Jurkat T cells were stained for surface
TRAIL-R2 expression Iollowing pretreatment with
skTRAIL, GST, or GST-TRAIL-s recombinant protein. Pre-
treatment of cells with GST alone resulted 1n 1dentical stain-
ing for TRAIL-R2 as untreated cells. (B) Effect of TRAIL-R2
expression on TRAIL-s interaction with cells. Jurkat T cells

were transiected with constructs expressing GFP alone, GFP
and shRNA for TRAIL-R2 knockdown, or GFP and shRNA

for TRAIL-R2, plus an additional TRAIL-R2 re-expression
sequence modified to be resistant to the encoded shRINA.
GFP positive cells were specifically analyzed for TRAIL-R2

expression, and for binding of GST alone or GST-TRAIL-s.
Cells transfected with shRINA for TRAIL-R2 demonstrated
loss of GST-TRAIL-s binding (middle row), but this binding
was restored upon re-expression of TRAIL-R2 (bottom row).

FIG. 5. (A) TRAIL-1nduced apoptosis 1s reduced in Jurkat
T cells pretreated with recombinant GST TRAIL-s. Recom-
binant GST-TRAIL-s was used to pre-treat Jurkat T cells at
the indicated doses, followed by treatment of cells with
skTRAIL. Cell death was analyzed by Annexin V staining,
and 1nhibition of Annexin staiming was calculated relative to
control. Means of three experiments are presented and error
bars represent the standard deviations. (B) TRAIL-s specific
polyclonal antibody detection of TR AIL-s. A polyclonal anti-
serum was raised against the novel carboxyl terminus of
TRAIL-s and tested by Western blotting. (C and D) TRAIL-s
immunodepleted supernatants from HIV-infected PBLs do
not protect Jurkat T cells from recombinant TRAIL-medi-
cated death. PBS, PBS supernatants from mock-infected
PBLs, or PBS supernatants from HIV-infected PBLs were lett
untreated or immunodepleted with either the pre-immune or
post-immune anti-TRAIL-s antisera. Jurkat T cells were pre-
treated with the supernatants, then treated with sk TR AIL, and
analyzed by Annexin V for apoptosis.

FIG. 6. (A) TRAIL-s expression in tumor cell lines. (B)
TRAIL-s expression 1n melanoma cell lines. (C) MDA-MB-
468 cell viability in the presence of skTRAIL tx, after
TRAIL-s knockdown with shRNA.

FIG. 7. Nucleic acid (SEQ ID NO:4) and amino acid (SEQ
ID NO:1) sequences of TRAIL-s. The splice junction
between exon 2 and exon 5 1s bold and underlined. The
asterisk indicates a stop codon.

FIG. 8. Nucleic acid (SEQ ID NO:5) and amino acid (SEQ
ID NO:2)sequences of the TRAIL-s C-terminus. The asterisk
indicates a stop codon.

FIG. 9. Annotated TRAIL mRNA sequence (SEQ ID
NO:3). The open reading frame 1s from nucleotide 96 to 941,
with exon 1=nt 96 to 227, exon 2=nt 228 to 365, exon 3=nt
366 to 408, exon 4—=nt 409 to 513, and exon 5=nt 514 to 941.

FIG. 10. TRAIL-s expression in CD4+ T cells from HIV-
infected patients.

FIG. 11. TRAIL-s 1n sera from HIV-infected patients. VL
indicates viral load.

FIG. 12. Quantitation of TRAIL-s concentrations in patient
sera using ELISA.

FIG. 13. HIV nfection of PBLs increases TRAIL and
TRAIL-receptor expression, but TRAIL:TRAIL receptor
blockade does not alter HI V-associated cell death. Peripheral
blood lymphocytes from HIV-negative donors were infected
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in vitro with HIV-1 (IIIB) or mock-infected and analyzed 4
days following infection for (A) surface TRAIL receptor

expression or (B) surface TRAIL receptor expression. Mock-
infected PBLs (light gray histograms), HIV-infected PBLs
(dark gray histograms) or 1sotype (black histograms) are
shown. Co-staining for the HIV antigen p24 revealed that the
increase 1n TRAIL expression occurred within the population
of PBLs also staining positive for p24 (results representative
ol four independent experiments). (C) Soluble TRAIL was
measured 1n the culture supernatants of mock- or HIV-in-
fected PBL.s. The result shown 1s the mean of four infections,
+/—s.c.m. (D) TRAIL-mediated death in PBL cultures was
determined by serial treatment of PBL cultures (mock- and
HIV-infected) with an 1sotype control antibody or neutraliz-
ing anti-TRAIL antibody. Independent experiments con-
firmed the ability of the neutralizing antibody (clone 2E5) to
inhibit TRAIL-mediated death in TRAIL-sensitive cells
treated with skTRAIL. Data 1s representative of three sepa-
rate replicates.

FIG. 14. (A) Immunoprecipitation of TRAIL-s with
TRAIL R2-Fc fusionprotein. TRAIL R1-Fc or TRAIL R2-Fc¢
fusion proteins were used to perform immunoprecipitations
using lysates from 293 T cells that were transfected with con-
structs containing nucleic acids encoding HA or HA-TRAIL-
s. (B) Western blot analysis of lysates from 2937 cells trans-
tected with constructs contaiming nucleic acids encoding HA
or HA-TRAIL-s. The blot was probed using an anti-TRAIL-s
monoclonal antibody.

FIG. 15. Viability of Jurkat T cells treated with the indi-
cated concentrations ol skTRAIL {following pretreatment
with PBS, with anti-TRAIL-s antibodies, or with supernatant
from Ovcard cells that was immunodepleted with anti-
TRAIL-s antibodies or control antibodies (o IgG Control).

FIG. 16. (A) Western blot demonstrating RNA1 knock-
down of TRAIL-s. The blot was probed using anti-TRAIL-s
antisera 48 hours post-transfection ol a representative
TRAIL-s expressing cancer line, Ovcard, with shRNA oligos
targeting the TRAIL-s splice variant. (B) Viability of Ovcar3
cells in the presence of the indicated concentrations of
skTRAIL. The Ovcar5 cells were untransfected or transtected
with control shRNA (Lamin shRNA) or shRNA targeted to
TRAIL-s. (C) Viability of Hel.a cells 1n the presence of the
indicated concentrations of skTRAIL. The Hela cells were
untransiected or transfected with control shRNA or shRNA
targeted to TRAIL-s (see legend for FIG. 16B).

FIG. 17. (A) Viability of A375 cells 1n the presence of the
indicated concentrations of skTRAIL. The A375 cells were
untransiected or transfected with control shRNA or shRINA
targeted to TRAIL-s. (B) Cytotoxicity assays performed
using a cloned MART 1 specific CTL against melanoma
targets with or without TRAIL-s knockdown. A375 target
cells were loaded with MART 1 peptide, and CTL killing of
target cells was compared in cells without peptide loading and
in target cells preloaded with MART 1 peptide.

DETAILED DESCRIPTION

This document provides methods and materials related to
apoptosis and apoptosis inhibitors. For example, this docu-
ment provides substantially pure polypeptides having TRAIL
short (TRAIL-s) activity and 1solated nucleic acids encoding
polypeptides having TRAIL-s activity. This document also
provides methods and materials for making and using an
antibody that can bind a polypeptide having TR AIL-s activity
and not to a TRAILo, TRAIL], or TRAILY polypeptide. This
document also provides methods and materials for treating a
mammal having an apoptosis-associated condition.

10

15

20

25

30

35

40

45

50

55

60

65

6

Polypeptides Having TRAIL-s Activity and Nucleic Acids
Encoding Polypeptides Having TRAIL-s Activity

This document provides a substantially pure polypeptide
having TR AIL-s activity. As used herein, a “polypeptide hav-
ing TRAIL-s activity” 1s a polypeptide having the ability to
compete with TRAIL for TRAIL receptor binding and 1inhibat
TRAIL-mediated cell death (e.g., apoptosis). The term “sub-
stantially pure” with respect to a polypeptide refers to a
polypeptide that has been separated from cellular compo-
nents with which 1t 1s naturally accompanied. Typically, a
polypeptide having TRAIL-s activity 1s substantially pure
when 1t 1s at least 60 percent (e.g., 65, 70,75, 80, 90, 95, or 99
percent), by weight, free from proteins and naturally-occur-
ring organic molecules with which 1t 1s naturally associated.
In general, a substantially pure polypeptide will yield a single
major band on a non-reducing polyacrylamide gel.

The polypeptides provided herein can be at least five amino
acids 1n length (e.g., at least 6, 7, 10, 15, 30, 50, 70, or 100
amino acids).

A substantially pure polypeptide having TR AIL-s activity
can be a polypeptide having a sequence that 1s at least 70
percent 1dentical to SEQ ID NO:1 or SEQ ID NO:2. For
example, a polypeptide having TRAIL-s activity can have at
least 75, 80, 85, 90, 95, 98, or 99 percent identity to SEQ ID
NO:1 or SEQ ID NO:2. In some cases, a polypeptide having
TRAIL-s activity can have the exact amino acid sequence set
forth in SEQ ID NO:1 or SEQ ID NO:2.

The percent i1dentity between a particular amino acid
sequence and the amino acid sequence set forth in SEQ 1D
NO:1 or SEQ ID NO:2 1s determined as follows. First, the
amino acid sequences are aligned using the BLAST 2

Sequences (Bl2seq) program from the stand-alone version of
BLASTZ contaimng BLASTP version 2.0.14. This stand-

alone version of BLASTZ can be obtained from Fish & Rich-
ardson’s web site (e.g., “www” dot “fr” dot “com” slash
“blast” slash) or the State University of New York-Old West-
bury Library (call number: QH 447.M6714). Instructions
explaining how to use the Bl2seq program can be found 1n the
readme file accompanying BLASTZ. Bl2seq performs a com-
parison between two amino acid sequences using the
BLASTP algorithm. To compare two amino acid sequences,
the options of Bl2seq are set as follows: -1 1s set to a file
containing the first amino acid sequence to be compared (e.g.,
C:seql.txt); - 1s set to a file containing the second amino acid
sequence to be compared (e.g., C:\seq2.txt); -p 1s set to blastp;
-0 15 set to any desired file name (e.g., C:\output.txt); and all
other options are left at their default setting. For example, the
following command can be used to generate an output file
containing a comparison between two amino acid sequences:
C:ABl2seq -1c:i\seql .txt -1 c:\seq2.txt -p blastp -o c:\output.txt.
If the two compared sequences share homology, then the
designated output file will present those regions of homology
as aligned sequences. If the two compared sequences do not
share homology, then the designated output file will not
present aligned sequences.

Once aligned, the number of matches 1s determined by
counting the number of positions where an 1dentical amino
acid residue 1s presented 1n both sequences. The percent 1den-
tity 1s determined by dividing the number of matches by the
length of the tull-length amino acid sequence set forth in SEQ
ID NO:1 or SEQ ID NO:2 followed by multiplying the result-
ing value by 100. For example, an amino acid sequence that
has 98 matches when aligned with the sequence set forth in
SEQ ID NO:1 1s 97.0 percent 1dentical to the sequence set
forth in SEQ ID NO:1 (1.e., 98+101*100=97.0).

It 1s noted that the percent 1dentity value 1s rounded to the
nearest tenth. For example, 78.11, 78.12,78.13, and 78.14 are
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rounded down to 78.1, while 78.15, 78.16, 78.17, 78.18, and
78.19 are rounded up to 78.2. It also 1s noted that the length
value will always be an integer.

In some cases, a substantially pure polypeptide having
TRAIL-s activity can have fewer than 10 (e.g., fewer than 9,
8,7,6,5,4,3, or 2) mismatches as compared to SEQ ID NO:2.
For example, a polypeptide having TRAIL-s activity can have
4,3, 2, or 1 mismatches as compared to SEQ ID NO:2. In
some cases, a polypeptide having TRAIL-s activity can have
the exact amino acid sequence set forth in SEQ ID NO:2.

The number of mismatches between a particular amino
acid sequence and SEQ ID NO:2 1s determined as follows.
First, the amino acid sequences are aligned using the BLAST
2 Sequences (Bl2seq) program from the stand-alone version
of BLASTZ contaiming BLASTP version 2.0.14 as described
herein.

Once aligned, the number of mismatches 1s determined by
counting the number of positions where an 1dentical amino
acid residue 1s not presented 1n both sequences.

A substantially pure polypeptide having TR AIL-s activity
can be obtained, for example, by extraction from a natural
source (e.g., lymphocytes), chemical synthesis, or by recom-
binant production 1n a host cell. To recombinantly produce a
polypeptide having TR AIL-s activity, a nucleic acid sequence
encoding a polypeptide having TRAIL-s activity can be
ligated 1nto an expression vector and used to transform a
bacterial or eukaryotic host cell (e.g., insect, yeast, or mam-
malian cells). In general, nucleic acid constructs can include
a regulatory sequence operably linked to a nucleic acid
sequence encoding a polypeptide having TRAIL-s activity.
Regulatory sequences do not typically encode a gene product,
but imnstead affect the expression of the nucleic acid sequence.
In bacterial systems, a strain of Lscherichia coli such as
BL-21 can be used. Suitable E. coli vectors include the pGEX
series of vectors (Amersham Biosciences Corp., Piscataway,
N.I.) that produce fusion proteins with glutathione S-trans-
terase (GST). Transtformed . coli typically are grown expo-
nentially, and then stimulated with 1sopropylthiogalactopyra-
noside (IPTG) prior to harvesting. In general, such fusion
proteins can be soluble and can be purified from lysed cells by
adsorption to glutathione-agarose beads followed by elution
in the presence of free glutathione. The pGEX vectors can be
designed to include thrombin or factor Xa protease cleavage
sites so that the cloned target gene product can be released
from the GST moaiety.

In eukaryotic host cells, a number of viral-based expres-
s1on systems can be utilized to express polypeptides having
TRAIL-s activity. A nucleic acid encoding a polypeptide
having TRAIL-s activity can be cloned into, for example, a
baculoviral vector such as pBlueBac (Invitrogen, Carlsbad,
Calif.) and then used to co-transiect insect cells such as
Spodoptera frugiperda (S19) cells with wild type DNA from
Autographa californica multiply enveloped nuclear polyhe-
drosis virus (AcMNPV). Recombinant viruses producing
polypeptides provided herein can be identified by standard
methodology. In some cases, a nucleic acid encoding a
polypeptide having TR AIL-s activity can be introduced into a
SV40, retroviral, or vaccima based viral vector and used to
infect suitable host cells.

Mammalian cell lines that stably express polypeptides hav-
ing TRAIL-s activity can be produced using expression vec-
tors with the appropriate control elements and a selectable
marker. For example, the eukaryotic expression vectors
pCR3.1 (Invitrogen) and p91023(B) (see Wong et al., Sci-
ence, 228:810-815 (1983)) can be used to express a polypep-
tide having TRAIL-s activity 1n, for example, Chinese ham-
ster ovary (CHO) cells, COS-1 cells, human embryonic
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kidney 293 cells, NIH3T3 cells, BHK21 cells, MDCK cells,
and human vascular endothelial cells (HUVEC). Following
introduction of the expression vector by electroporation, lipo-
fection, calcium phosphate or calcium chloride co-precipita-
tion, DEAE dextran, or other suitable transfection method,
stable cell lines can be selected, e.g., by antibiotic resistance
to G418, kanamycin, or hygromycin. In some cases, ampli-
fied sequences can be ligated into a mammalian expression
vector such as pcDNA3 (Invitrogen ) and then transcribed and
translated in vitro using wheat germ extract or rabbit reticu-
locyte lysate.

Polypeptides having TRAIL-s activity can be purified by
known chromatographic methods including DEAE 1on
exchange, gel filtration, and hydroxylapatite chromatogra-

phy. See, e¢.g., Van Loon and Weinshilboum, Drug Metab.
Dispos., 18:632-638 (1990); and Van Loon et al., Biochem.

Pharmacol., 44.775-785 (1992). Polypeptides having
TRAIL-s activity can be modified to contain an amino acid
sequence that allows the polypeptide to be captured onto an
allinity matrix. For example, a tag such as ¢c-myc, hemagglu-
tinin, polyhistidine, or Flag™ (Kodak) can be used to aid
polypeptide purification. Such tags can be imnserted anywhere
within a polypeptide including at either the carboxyl or amino
terminus. Other fusions that can be usetful include enzymes
that aid in the detection of a polypeptide, such as alkaline
phosphatase. Immunoailinity chromatography also can be
used to purily polypeptides having TRAIL-s activity.

In some cases, a polypeptide having TRAIL-s activity can
be a polypeptide that 1s covalently attached to oligomers, such
as short, amphiphilic oligomers that enable oral administra-
tion or improve the pharmacokinetic or pharmacodynamic
profile of the conjugated polypeptide. The oligomers can
comprise water soluble polyethylene glycol (PEG) and lipid
soluble alkyls (short chain fatty acid polymers). See, for
example, International Patent Application Publication No.
WO 2004/047871. In some cases, a polypeptide having
TRAIL-s activity can be a polypeptide that 1s fused to the Fc
domain of an immunoglobulin molecule (e.g., an IgG1 mol-
ecule) such that active transport of the fusion polypeptide
across epithelial cell barriers via the Fc receptor occurs.

The polypeptides provided herein can contain the entire
amino acid sequence set forth in SEQ ID NO:1 or SEQ ID
NO:2. In some cases, a polypeptide can contain the amino
acid sequence set forth in SEQ ID NO:1 or SEQ ID NO:2
except that the amino acid sequence contains one or between
one and ten (e.g., between one and nine, between one and
cight, between one and seven, between one and six, between
one and five, between one and four, between one and three, or
between one and two) amino acid residue additions, subtrac-
tions, and substitutions. For example, a polypeptide can con-
tain the amino acid sequence set forth in SEQ ID NO:1 with
one, two, three, four, five, six, seven, eight, nine, or ten single
amino acid residue additions, subtractions, or substitutions.
An example of such a polypeptide includes, without limita-
tion, a polypeptide having the amino acid sequence set forth
in SEQ ID NO:1 where the amino acid residue at position 43
1s replaced with an arginine residue, the amino acid residue at
position 85 1s replaced with a lysine residue, and/or the amino
acidresidue at position 81 1s replaced with a histidine residue.
In some cases, a polypeptide can contain the amino acid
sequence set forth in SEQ ID NO:2 with one, two, three, or
four amino acid residue additions, subtractions, or substitu-
tions. An example of such a polypeptide includes, without
limitation, a polypeptide having the amino acid sequence set
forth in SEQ ID NO:2 where the amino acid residue at posi-
tion three 1s replaced with a lysine residue. Another example
can be a polypeptide having the amino acid sequence set forth
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in SEQ ID NO:2 where the amino acid residue at position five
1s replaced with a histidine residue. Another example can be
a polypeptide having the amino acid sequence set forth 1n
SEQ ID NO:2 where the amino acid residue at position six 1s
replaced with a lysine residue. Yet another example can be a
polypeptide having the amino acid sequence set forth in SEQ)
ID NO:2 where the amino acid residue at position eleven 1s
replaced with an arginine residue.

Any amino acid residue set forth in SEQ ID NO:1 or SEQ

ID NO:2 can be subtracted, and any amino acid residue (e.g.,
any of the 20 conventional amino acid residues or any other

type of amino acid such as ormithine or citrulline) can be
added to the sequence set forth 1n SEQ ID NO:1 or SEQ ID
NO:2. In some cases, a polypeptide provided herein can con-
tain chemical structures such as e-aminohcxanoic acid;
hydroxylated amino acids such as 3-hydroxyproline, 4-hy-
droxyproline, (5R)-5-hydroxy-L-lysine, allo-hydroxylysine,
and 3-hydroxy-L-norvaline; or glycosylated amino acids
such as amino acids contaiming monosaccharides (e.g.,
D-glucose, D-galactose, D-mannose, D-glucosamine, and
D-galactosamine) or combinations of monosaccharides.

Polypeptides having one or more amino acid substitutions
relative to a native polypeptide can be prepared and modified
as described herein. Amino acid substitutions can be conser-
vative or non-conservative amino acid substitutions. Conser-
vative amino acid substitutions include, for example, substi-
tution of an acidic amino acid residue (e.g., aspartic acid or
glutamic acid) with another acidic amino acid residue, sub-
stitution of a basic amino acid residue (e.g., lysine, arginine,
or histidine) with another basic amino acid residue, substitu-
tion of a hydrophobic amino acid residue with another hydro-
phobic amino acid residue (e.g., substitution of leucine with
1soleucine, methionine with valine, or alanine with valine),
and substitution of a hydrophilic amino acid residue (e.g.,
serine, glycine, or threonine) with another hydrophilic amino
acid residue.

Conservative amino acid substitutions also include substi-
tution of an amino acid residue having a particular type of side
chain with another amino acid residue having a similar type of
side chain. For example, conservative amino acid substitu-
tions 1include substitution of an amino acid residue having an
aliphatic side chain (e.g., glycine, alanine, valine, leucine, or
1soleucine) with another amino acid residue having an ali-
phatic side chain, substitution of an amino acid residue hav-
ing an aliphatic-hydroxyl side chain (e.g., serine or threonine)
with another amino acid residue having an aliphatic-hydroxyl
side chain, substitution of an amino acid residue having an
amide-containing side chain (e.g., asparagine or glutamine)
with another amino acid residue having an amide-containing,
side chain, substitution of an amino acid residue having an
aromatic side chain (e.g., phenylalanine, tyrosine, or tryp-
tophan) with another amino acid residue having an aromatic
side chain, substitution of an amino acid residue having a
basic side chamn (e.g., lysine, arginine, or histidine) with
another amino acid residue having a basic side chain, and
substitution of an amino acid residue having a sulfur-contain-
ing side chain (e.g., cysteine or methiomine) with another
amino acid residue having a sulfur-containing side chain.

A polypeptide having TRAIL-s activity can bind a TRAIL
receptor (e.g., TRAIL-R1, -R2, -R3, -R4, or osteoprotegerin
(OPG)). A substantially pure polypeptide having TRAIL-s
activity can inhibit TRAIL-1nduced apoptosis 1n cells having
a TRAIL receptor. Cells having a TRAIL receptor can be of
any linecage. For example, cells having a TRAIL receptor
include, without limitation, lymphocytes, neural cells, hepa-
tocytes, myocytes, osteoblasts, and chondrocytes. Cells hav-
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ing a TRAIL receptor can be normal or abnormal (e.g., virally
or bacterially infected, or malignant).

Any suitable method, such as PCR, can be used to obtain an
1solated nucleic acid encoding a polypeptide having TR AIL-s
activity. For example, the methods provided in the Example
section can be used to obtain a nucleic acid encoding a
polypeptide having TRAIL-s activity. As used herein, “iso-
lated nucleic acid” refers to a nucleic acid that 1s separated
from other nucleic acids that are present 1n a mammalian
genome, 1ncluding nucleic acids that normally flank one or
both sides of the nucleic acid 1n a mammalian genome (e.g.,
nucleic acids that encode non-TRAIL polypeptides). The
term “isolated” as used herein with respect to nucleic acids
also includes any non-naturally-occurring nucleic acid
sequence since such non-naturally-occurring sequences are
not found 1n nature and do not have immediately contiguous
sequences 1n a naturally-occurring genome.

An 1solated nucleic acid can be, for example, a DNA mol-
ecule, provided one of the nucleic acid sequences normally
found immediately tflanking that DNA molecule 1n a natu-
rally-occurring genome 1s removed or absent. Thus, an 1so-
lated nucleic acid includes, without limitation, a DNA mol-
ecule that exists as a separate molecule (e.g., a chemically
synthesized nucleic acid, or a cDNA or genomic DNA frag-
ment produced by PCR or restriction endonuclease treat-
ment) independent of other sequences as well as recombinant
DNA that 1s incorporated into a vector, an autonomously
replicating plasmid, a virus (e.g., a retrovirus, lentivirus,
adenovirus, or herpes virus), or into the genomic DNA of a
prokaryote or eukaryote. In addition, an 1solated nucleic acid
can include an engineered nucleic acid such as a recombinant
DNA molecule that 1s part of a hybrid or fusion nucleic acid.
A nucleic acid existing among hundreds to millions of other
nucleic acids within, for example, cDNA libraries or genomic
libraries, or gel slices containing a genomic DNA restriction
digest, 1s not to be considered an 1solated nucleic acid.

A nucleic acid provided herein can be at least about ten
nucleotides 1n length. For example, the nucleic acid can be
about 10, 11, 15-20 (e.g., 11,12, 13,14, 15,16, 17, 18, 19, or
20 nucleotides 1n length), 20-50, 50-100 or greater than 100
nucleotides 1n length (e.g., greater than 150, 200, 250, 300,
350, 400, 450, 500, 750, or 1000 nucleotides 1n length).
Nucleic acids provided herein can be 1n a sense or antisense

orientation, can be 1dentical or complementary to the
sequence set forthin SEQ ID NO:3, SEQ ID NO:4, or SEQ ID

NO:3, and can be DNA, RNA, or nucleic acid analogs.
Nucleic acid analogs can be modified at the base moiety,
sugar moiety, or phosphate backbone to improve, for
example, stability, hybridization, or solubility of the nucleic
acid. Modifications at the base moiety include deoxyuridine
for deoxythymidine, and 5-methyl-2'-deoxycytidine and
S-bromo-2'-deoxycytidine for deoxycytidine. Modifications
of the sugar moiety can include modification of the 2
hydroxyl of the ribose sugar to form 2'-O-methyl or 2'-O-allyl
sugars. The deoxyribose phosphate backbone can be modi-
fied to produce morpholino nucleic acids, in which each base
moiety 1s linked to a six membered, morpholino ring, or
peptide nucleic acids, 1n which the deoxyphosphate backbone
1s replaced by a pseudopeptide backbone and the four bases

are retained. See, for example, Summerton and Weller, Anti-
sense Nucleic Acid Drug Dev., 7:187-195 (1997); and Hyrup,

et al., Bioorgan. Med. Chem., 4:5-23 (1996). In addition, the
deoxyphosphate backbone can be replaced with, for example,
a phosphorothioate or phosphorothioate backbone, a phos-
phoroamidite, or an alkyl phosphotriester backbone.
Nucleic acids provided herein can hybridize, under hybrid-
1zation conditions, to the sense or antisense strand of a nucleic
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acid having the sequence set forth in SEQ ID NO:3, SEQ ID
NO:4, or SEQ ID NO:5. The hybridization conditions can be
moderately or highly stringent hybridization conditions.

As used herein, moderately stringent hybridization condi-
tions mean the hybridization 1s performed at about 42° C. in
a hybridization solution containing 25 mM KPO, (pH 7.4),
SxSSC, 5x Denhart’s solution, 50 ug/ml. denatured, soni-
cated salmon sperm DNA, 350% formamide, 10% Dextran
sulfate, and 1-15 ng/mL probe (about 5x10” cpm/ug), while
the washes are performed at about 50° C. with a wash solution
contaiming 2xSSC and 0.1% sodium dodecyl sulfate.

Highly stringent hybridization conditions mean the hybrid-
1zation 1s performed at about 42° C. 1n a hybridization solu-
tion containing 25 mM KPO, (pH 7.4), 5xSSC, 5x Denhart’s
solution, 50 ug/mL denatured, sonicated salmon sperm DNA,
50% formamide, 10% Dextran sulfate, and 1-15 ng/mL probe
(about 5x10” cpm/ug), while the washes are performed at
about 65° C. with a wash solution containing 0.2xS5C and
0.1% sodium dodecyl sulfate.

Hybridization can be done by Southern or Northern analy-
s1s to 1dentily a DNA or RNA sequence, respectively, that
hybridizes to aprobe. The DNA or RNA to be analyzed can be
clectrophoretically separated on an agarose or polyacryla-
mide gel, transierred to nitrocellulose, nylon, or other suitable
membrane, and hybridized with a probe using standard tech-
niques well known 1n the art such as those described 1n sec-
tions 7.39-7.52 of Sambrook et al., (1989) Molecular Clon-
ing, second edition, Cold Spring harbor Laboratory,
Plamview, N.Y. Typically, a probe 1s at least about 20 nucle-
otides 1n length. For example, a probe corresponding to a 20
nucleotide sequence set forth in SEQ IDNQO:3, SEQ ID NO:4,
or SEQ ID NO:3 can be used to 1dentify an 1dentical or similar
nucleic acid. In addition, probes longer or shorter than 20
nucleotides can be used. A probe can be labeled with a biotin,
digoxygenin, an enzyme, or a radioisotope such as **P.

Isolated nucleic acids provided herein also can be chemi-
cally synthesized, either as a single nucleic acid molecule
(e.g., using automated DNA synthesis 1n the 3' to 5' direction
using phosphoramidite technology) or as a series of oligo-
nucleotides. For example, one or more pairs of long oligo-
nucleotides (e.g., >100 nucleotides) can be synthesized that
contain the desired sequence, with each pair containing a
short segment of complementarity (e.g., about 15 nucle-
otides) such that a duplex 1s formed when the oligonucleotide
pair 1s annealed. DNA polymerase 1s used to extend the oli-
gonucleotides, resulting 1n a single, double-stranded nucleic
acid molecule per oligonucleotide pair, which then cart be
ligated into a vector.

Antibodies

An antibody that can bind to a polypeptide having
TRAIL-s activity can be made and purified using methods
known to those skilled 1n the art (e.g., the methods described
herein). For example, an antibody that can bind to a polypep-
tide having TR AIL-s activity can be affinity purified from the
serum of an amimal (e.g., a mouse, rat, rabbit, goat, donkey,
horse, duck, or chicken) that received a substantially pure
polypeptide having TRAIL-s activity under conditions that
illicit an 1mmune response to the polypeptide having
TRAIL-s activity. In some cases, an antibody that can bind to
a polypeptide having TRAIL-s activity can be purified from
the supernatant of a B cell hybridoma that produces such an
antibody.

An antibody that can bind to a polypeptide having
TRAIL-s activity can be monoclonal or polyclonal and can
be, for example, a single chain Fv, chimeric antibody, or an
Fab fragment. In some cases, an antibody that can bind to a
polypeptide having TRAIL-s activity can be an antibody that
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does not bind to other TRAIL 1soforms (e.g., TRAILaq,
TRAILP, and TRAILyY). An antibody that selectively binds
TRAIL-s can bind an epitope contained 1n the sequence,
TPRMKRLWAAK (SEQ ID NO:2). An antibody can be of
any type, (e.g., 1gG, IgM, IgD, IgA or IgY ), class (e.g., IgG1,
IgG4, or IgA2), or subclass. In addition, an antibody can be
from any animal including birds and mammals. For example,
an antibody can be a human, rabbit, sheep, or goat antibody.
An antibody can be naturally occurring, recombinant, or syn-
thetic. In addition, an antibody that can bind to a polypeptide
having TRAIL-s activity can bind to a polypeptide having
TRAIL-s activity at an affinity of at least 10* mol™" (e.g., at
least 10°, 10°, 107, 10°, 10°, 10*°, 10**, or 10" mol™).

An antibody that can bind to a polypeptide having
TRAIL-s activity can be prepared using any appropriate
method. For example, polyclonal antibodies can be prepared
using methods known 1n the art. See, e.g., Green et al., Pro-
duction of Polyclonal Antisera, in IMMUNOCHEM. 'CAL
PROTOCOLS (Manson, ed.), pages 1 5 (Humana Press 1992)
and Coligan et al., Production of Polyclonal Antisera in Rab-
bits, Rats, Mice and Hamsters, in CURRENT PROTOCOLS

IN IMMUNOLOGY, section 2.4.1 (1992). In addition, vari-
ous techniques common 1n the immunology arts can be used
for purification and concentration of polyclonal antibodies, as
well as monoclonal antibodies (Coligan, et al., Unit 9, Cur-
rent Protocols in Immunology, Wiley Interscience, 1994).

Monoclonal antibodies also can be prepared using standard
methods. See, e.g., Kohler & Milstein, Nature 256:495

(1973); Coligan et al., sections 2.5.1 2.6.7; and Harlow et al.,
ANTIBODIES: A LABORATORY MANUAL, page 726
(Cold Spring Harbor Pub. 1988). Briefly, monoclonal anti-
bodies can be obtained by 1njecting mice with a composition
comprising an antigen, verifying the presence of antibody
production by analyzing a serum sample, removing the spleen
to obtain B lymphocytes, fusing the B lymphocytes with
myeloma cells to produce hybridomas, cloning the hybrido-
mas, selecting positive clones that produce antibodies to the
antigen, and 1solating the antibodies from the hybridoma
cultures. Monoclonal antibodies can be 1solated and purified
from hybridoma cultures by a variety of well established

techniques. Such 1solation techniques include affinity chro-
matography with Protein A Sepharose, size exclusion chro-
matography, and 1on exchange chromatography. See, e.g.,
Coligan et al., sections 2.7.1 2.7.12 and sections 2.9.1 2.9.3;
Barnes et al., Punfication of Immunoglobulin G (IgG), 1n
METHODS IN MOLECULAR BIOLOGY, VOL. 10, pages
79 104 (Humana Press 1992).

In addition, standard methods of in vitro and 1n vivo mul-
tiplication of monoclonal antibodies can be used. Multiplica-
tion 1n vitro can be carried out in suitable culture media such
as Dulbecco’s Modified Eagle Medium or RPMI 1640
medium, optionally replenished by mammalian serum such
as fetal calfl serum, or trace elements and growth sustaining
supplements such as normal mouse peritoneal exudate cells,
spleen cells, and bone marrow macrophages. Production 1n
vitro provides relatively pure antibody preparations and
allows scale up to yield large amounts of the desired antibod-
1ies. Large scale hybridoma cultivation can be carried out by
homogenous suspension culture in an awrlift reactor, in a
continuous stirrer reactor, or in immobilized or entrapped cell
culture. Multiplication 1n vivo may be carried out by injecting
cell clones 1into mammals histocompatible with the parent
cells (e.g., osyngeneic mice) to cause growth ol antibody
producing tumors. Optionally, the animals can be primed
with a hydrocarbon, especially o1ls such as pristane (tetram-
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cthylpentadecane) prior to injection. After one to three weeks,
the desired monoclonal antibody can be recovered from the
body fluid of the animal.

In some cases, antibodies provided herein can be made
using non-human primates. General techniques for raising
therapeutically usetul antibodies 1n baboons can be found, for
example, in Goldenberg et al., International Patent Publica-
tion WO 91/11465 (1991) and Losman et al., Int. J. Cancer,
46:310 (1990).

In some cases, antibodies provided herein can be human-
1zed monoclonal antibodies. Humanized monoclonal anti-
bodies can be produced by transferring mouse complemen-
tarity determining regions (CDRs) from heavy and light
variable chains of the mouse immunoglobulin 1into a human
variable domain, and then substituting human residues in the
framework regions of the murine counterparts. The use of
antibody components dertved from humanized monoclonal
antibodies can obviate potential problems associated with the
immunogenicity of murine constant regions when treating
humans. General techniques for cloning murine immunoglo-
bulin variable domains are described, for example, by Orlandi
et al., Proc. Nat’l. Acad. Sci. USA, 86:3833 (1989). Tech-
niques for producing humanized monoclonal antibodies are
described, for example, by Jones et al., Nature, 321:522
(1986); Riechmann etal., Nature, 332:323 (1988); Verhoeyen
et al., Science, 239:1534 (1988); Carter et al., Proc. Nat’l.
Acad. Sci. USA, 89:4285 (1992); Sandhu, Crit. Rev. Biotech.,
12:437 (1992); and Singer et al., J Immunol., 150:2844
(1993).

Antibodies provided herein can be derived from human
antibody fragments i1solated from a combinatorial immuno-
globulin library. See, for example, Barbas et al., METHODS:
A COMPANION TO METHODS IN ENZYMOLOGY,
VOL. 2, page 119 (1991) and Winter et al., Ann. Rev. Immu-
nol., 12: 433 (1994). Cloning and expression vectors that are
usetul for producing a human immunoglobulin phage library
can be obtained, for example, from STRATAGENE Cloning
Systems (La Jolla, Calit.).

In addition, antibodies provided herein can be derived from
a human monoclonal antibody. Such antibodies can be
obtained from transgenic mice that have been “engineered” to
produce specific human antibodies 1n response to antigenic
challenge. Using this technique, elements of the human heavy
and light chain loci can be mtroduced into strains of mice
derived from embryonic stem cell lines that contain targeted
disruptions of the endogenous heavy and light chain loci. The
transgenic mice can synthesize human antibodies specific for
human antigens and can be used to produce human antibody
secreting, hybridomas. Methods for obtaining human anti-
bodies from transgenic mice are described by Green et al.,
Nature Genet., 7:13 (1994); Lonberg et al., Nature, 368:856
(1994); and Taylor et al., Int. Immunol., 6:579 (1994).

Antibody 1fragments can be prepared by proteolytic
hydrolysis of an intact antibody or by the expression of a
nucleic acid encoding the fragment. Antibody fragments can
be obtained by pepsin or papain digestion of intact antibodies
by conventional methods. For example, antibody fragments
can be produced by enzymatic cleavage of antibodies with
pepsin to provide a 58S fragment denoted F(ab')2. This frag-
ment can be further cleaved using a thiol reducing agent, and
optionally a blocking group for the sulthydryl groups result-
ing from cleavage of disulfide linkages, to produce 3.5S Fab'
monovalent fragments. In some cases, an enzymatic cleavage
using pepsin can be used to produce two monovalent Fab'

fragments and an Fc fragment directly. These methods are
described, for example, by Goldenberg (U.S. Pat. Nos. 4,036,

945 and 4,331,647). See, also, Nisonhoil et al., Arch. Bio-
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chem. Biophys., 89:230 (1960); Porter, Biochem. J., 73:119
(1959); Edelman et al., METHODS IN ENZYMOLOGY,
VOL. 1, page 422 (Academic Press 1967); and Coligan et al.
at sections 2.8.1 2.8.10 and 2.10.1 2.10.4.

Other methods of cleaving antibodies, such as separation
of heavy chains to form monovalent light heavy chain frag-
ments, further cleavage of fragments, or other enzymatic,
chemical, or genetic techniques can also be used provided the
fragments retain some ability to bind (e.g., selectively bind)
an epitope.

The antibodies provided herein can be substantially pure.
The term “substantially pure’ as used herein with reference to
an antibody means the antibody i1s substantially free of other
polypeptides, lipids, carbohydrates, and nucleic acid with
which 1t 1s naturally associated 1n nature. Thus, a substantially
pure antibody 1s any antibody that 1s removed from its natural
environment and 1s at least 60 percent pure. A substantially

pure antibody can be at least about 65, 70, 75, 80, 83, 90, 95,

or 99 percent pure.

Antibodies provided herein can be used 1n immunoassays
in liquid phase or bound to a solid phase. For example, anti-
bodies provided herein can be used 1n competitive and non-
competitive immunoassays in either a direct or indirect for-
mat. Examples of such i1mmunoassays include the
radioimmunoassay (RIA) and the sandwich (immunometric)
assay. As described herein, antibodies that can bind to a
polypeptide having TRAIL-s activity also can be adminis-
tered to mammals (e.g., to reduce cancer progression).
Methods

The methods and matenals provided herein can be used for
treating a mammal having an apoptosis-associated condition.
The mammal can be any type of mammal, including, without
limitation, a mouse, rat, dog, cat, horse, goat, cow, p1g, mon-
key, or human. As used herein, the term “apoptosis-associated
condition” refers to a condition, disorder, or disease in which
a change 1n the level of apoptosis (e.g., an increase or decrease
in apoptosis) in a tissue of a mammal with the condition
relative to the level 1n a tissue of a comparable mammal
without the condition causes the condition, increases the
severity of the condition, or causes a symptom of the condi-
tion. Examples of apoptosis-associated conditions include,
without limitation, cancer, prostate hypertrophy, HIV infec-
tion, aging, non-alcoholic fatty liver disease, and diabetes.

In some embodiments, the methods and materials provided
herein can be used to decrease TRAIL-mediated apoptosis in
a mammal 1n need thereof. For example, a mammal (e.g., a
human) having a condition characterized by increased apop-
tosis (e.g., non-alcoholic fatty liver disease) can be adminis-
tered a substantially pure polypeptide having TR AIL-s activ-
ity. In some cases, the methods and materials provided herein
can be used to decrease TR AIL-mediated apoptosis in a mam-
mal having a viral disease associated with acute lymphope-
nia. For example, a mammal having Avian influenza, a respi-
ratory syncytial virus infection, a measles virus infection, or
a viral hemorrhagic fever (e.g., Ebola, Hantann, and Mar-
burg) can be administered a substantially pure polypeptide
having TRAIL-s activity.

In another embodiment, the methods and materials pro-
vided herein can be used to increase TR AIL-mediated apop-
tosis 1n a mammal in need thereof. For example, a mammal
(e.g., ahuman) having a condition characterized by decreased
apoptosis (e.g., cancer) can be administered a TRAIL-s
antagonist. A TR AIL-s antagonist can be any agent that inhib-
its binding of a polypeptide having TRAIL-s activity to 1ts
receptor, such as, for example, an antibody that specifically
binds a polypeptide having TRAIL-s activity.
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A substantially pure polypeptide having TRAIL-s activity
or TRAIL-s antagonist can be combined with a pharmaceu-
tically acceptable carrier prior to administration. Polypep-
tides having TRAIL-s activity and TRAIL-s antagonists can
be administered using any suitable method (e.g., orally, intra-
venously, intraperitoneally, intratumorally, or subcutane-
ously).

A TRAIL-s antagonist or a substantially pure polypeptide
having TRAIL-s activity can be administered to a mammal in
any amount, at any frequency, and for any duration effective
to achueve a desired outcome. For example, a TRAIL-s
antagonist or a substantially pure polypeptide having
TRAIL-s activity can be administered to a mammal under
conditions where one or more symptoms ol an apoptosis-
associated condition are prevented or reduced.

In some cases, a substantially pure polypeptide having
TRAIL-s activity can be administered to a mammal having a
condition characterized by increased apoptosis (e.g., a viral
infection) 1in order to reduce the level of apoptosisby 5,10, 25,
50, 75, or more percent. For example, the level of apoptosis
can be reduced such that little or no apoptosis 1s detected. Any
appropriate method can be used to determine whether or not
the level of apoptosis 1s reduced. For example, the level of
apoptosis can be determined by performing a cell count (e.g.,
a viable cell count), at different time points, of one or more
types of cells (e.g., lymphocytes) undergoing increased apo-
ptosis as a consequence of an apoptosis-associated condition.
The cell counts obtained at different times can be compared to
determine the level of apoptosis. After administering a sub-
stantially pure polypeptide having TRAIL-s activity as
described herein, the level of apoptosis can be determined
again over another time interval to determine whether or not
the level was reduced.

In some cases, a TRAIL-s antagonist can be administered
to amammal (e.g., a human) having a condition characterized
by decreased apoptosis (e.g., cancer) in order to increase the
level of apoptosis by 5, 10, 25, 50, 75, or more percent. For
example, the level of apoptosis can be increased such that one
or more types of cells (e.g., cancer cells) that were undergoing
decreased apoptosis as a consequence of an apoptosis-asso-
ciated condition are present at a reduced level or are no longer
detectable. Any appropriate method can be used to determine
whether or not one or more types of cells (e.g., cancer cells)
are present at a reduced or undetectable level. For example,
imaging techniques can be used to assess the levels of one or
more types of cells (e.g., cancer cells) at various time points.
In some cases, immunohistological or histopathological
analyses can be performed on biological samples (e.g., blood
samples and biopsy specimens) at diflerent time points (e.g.,
betfore and after administration of a TRAIL-s antagonist) to
determine whether or not the level of one or more types of
cells (e.g., cancer cells) 1s reduced or undetectable.

In some cases, a TRAIL-s antagonist can be administered
to a mammal having a condition characterized by decreased
apoptosis (e.g., cancer) to reduce the progression rate of the
condition (e.g., cancer) by 5, 10, 25, 50, 75, 100, or more
percent. For example, the progression rate can be reduced
such that no additional progression 1s detected. Any method
can be used to determine whether or not the progression rate
of a condition (e.g., cancer) 1s reduced. For example, the
progression rate of cancer can be assessed by imaging tissue
at different time points and determining the amount of cancer
cells present. The amounts of cancer cells determined within
tissue at different times can be compared to determine the
progression rate. After administration of a TRAIL-s antago-
nist, the progression rate can be determined again over
another time interval. In some cases, the stage of cancer after
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treatment can be determined and compared to the stage before
treatment to determine whether or not the progression rate
was reduced.

In some cases, a TRAIL-s antagonist can be administered
to a mammal having cancer under conditions where progres-
sion-iree survival or time to progression 1s increased (e.g., by
5, 10, 25, 50, 75, 100, or more percent) as compared to the
median progression-iree survival or time to progression,
respectively, of corresponding mammals having untreated
cancer. Progression-iree survival and time to progression can
be increased by any amount (e.g., 5%, 7.5%, 10%, 25%, 50%,
715%, 100%, or more). In addition, progression-iree survival
can be measured over any length of time (e.g., one month, two
months, three months, four months, five months, six months
or longer).

An effective amount of a TR AIL-s antagonist or a substan-
tially pure polypeptide having TRAIL-s activity can be any
amount that reduces the severity of an apoptosis-associated
condition without producing significant toxicity to the mam-
mal. If a particular mammal fails to respond to a particular
amount, then the amount can be increased by, for example,
two-fold. After recerving this higher dose, the mammal can be
monitored for both responsiveness to the treatment and tox-
icity symptoms, and adjustments made accordingly. Various
factors can 1nfluence the actual effective amount used for a
particular application. For example, the frequency of admin-
1stration, duration of treatment, and route of administration
may require an increase or decrease 1n the actual effective
amount administered.

A TRAIL-s antagonist or a substantially pure polypeptide
having TRAIL-s activity can be administered once or more
than once. The frequency of administration can be any ire-
quency that reduces the severity of an apoptosis-associated
condition without producing significant toxicity to the mam-
mal. For example, the frequency of administration can be
from about four times a day to about once a week, or from
about once a day to about once a month, or from about once
every other day to about once a year. In addition, the fre-
quency of administration can remain constant or can be vari-
able during the duration of treatment. As with the effective
amount, various factors can influence the actual frequency of
administration used for a particular application. For example,
the effective amount, duration of treatment, and route of
administration may require an increase or decrease 1 admin-
istration frequency.

An effective duration for admimistering a TR AIL-s antago-
nist or a substantially pure polypeptide having TRAIL-s
activity can be any duration that reduces the severity of an
apoptosis-associated condition without producing significant
toxicity to the mammal. Thus, an effective duration can vary
from several days to several weeks, months or years. Multiple
factors can influence the actual etffective duration for admin-
istering a TRAIL-s antagonist or a substantially pure
polypeptide having TRAIL-s activity. For example, an effec-
tive duration can vary with the frequency of administration,
effective amount, and route of administration.

A polypeptide having TRAIL-s activity provided herein
also can be used to identity additional TRAIL antagonists.
For example, a polypeptide having TRAIL-s activity can be
labeled (e.g., with a fluorescent fluorophore or with I'*>) and
used 1n a binding assay to 1dentily additional TRAIL antago-
nists, such as small molecule TRAIL antagonists. Binding
assays (e.g., competitive or displacement binding assays) can
be carried out using cells expressing a TRAIL receptor (e.g.,
TRAIL-R2), or using preparations of membranes from such
cells. Large numbers of molecules, such as small molecule
libraries, can be screened to 1dentity molecules that displace
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binding of a labeled polypeptide having TRAIL-s activity to
a TRAIL receptor. A molecule that displaces the interaction

of another molecule with a receptor can interact with the
receptor in the same region of the receptor. Molecules that
displace binding of the labeled polypeptide having TRAIL-s
activity can be evaluated for TRAIL antagonist activity using
any suitable method, such as a method described herein (e.g.,
inhibition of sk TRAIL induced cell killing). In addition, mol-
ecules that displace binding of a labeled polypeptide having
TRAIL-s activity can be screened to determine whether or not
they displace the binding of other labeled molecules to other
receptors.

The mvention will be further described 1n the following
examples, which do not limit the scope of the invention
described 1n the claims.

EXAMPLES

Example 1
Characterization of TRAIL -s

Cell Lines, Primary Cells, and Culture Media

Primary peripheral blood lymphocytes (PBLs) were
obtained and separated by gradient centrifugation over
Ficoll-Paque Plus (GE Healthcare, Piscataway, N.J.). After
monocyte depletion by plastic adherence, cells were treated
with 5 pg/mlL of phytohemagglutinin A (PHA; Sigma, St
Louis, Mo.). Non-adherent PBLs were cultured 1n media
supplemented with IL-2 (80 U/mL) for 72 hours. Greater than
90 percent pure populations of CD4+ T cells were obtained

through immunodepletion negative selection using Rosette-
Sep (StemCell Technologies, Seattle, Wash.). Jurkat T cells

and HEK-293T cells were obtained from the American Type
Culture Collection (Manassas, Va.). Tumor cell lines 786-0,
DU145,T24, WM164, WM793, and WM3211 were provided
by Dr. Thomas Griffith (University of lowa, Iowa City, Iowa).
Tumor cell lines A375, Hs695t, Sk-Mel-28, WM266, and
C32tg were provided by Dr. Svetomir Markovic (Mayo
Clinic, Rochester, Minn.). Tumor cell lines HelLLa, MCF-7,
MDA-MB-468, and Ovcar5 were provided by Dr. Scott Kaui-
mann (Mayo Chmc Rochester, Minn.). Cholangiocarcino-
mas KMC and KMCH were provided by Dr. Greg Gores
(Mayo Clinic, Rochester, Minn.). Cells, as appropriate, were
cultured 1n either RPMI 1640 or DMEM (Mediatech, Hern-
don, Va.) supplemented with 10% fetal calf serum (Atlanta
Biologicals, Atlanta, Ga.), 100 U/mL penicillin, and 100
ug/mL streptomycin (Invitrogen, Carlsbad, Calif.). All cell
lines and PBLs were cultured at 37° C. 1n an atmosphere
containing 5% CQO.,,.
In Vitro HIV Infection of Isolated PBL

Adult human PBLs were infected with HIV IIIB (NIH
AIDS Research & Reference Reagent Program, Bethesda,
Md.) or mock-infected as described elsewhere (Lum, et al., J
Virol., 75:11128-36 (2001)).
RNA Isolation, Oligonucleotide Primers,
Sequencing of Products

Total RNA was 1solated using TRIzol (Invitrogen).
Reverse transcription (RT) and PCR amplifications were per-
formed 1n a volume of 50 ul. using Titantum One-Step RT-
PCR kit (BD Biosciences, San Jose, Calif.) and 40 or 45 pmol
of each 3'- and 5'-TRAIL-specific oligonucleotide primer
(derived using GenBank accession number U37518). For-
ward primers, for each exon of TRAIL, included: 5'-TCTGA.-
CAGGATCATGGCTATG-3' (exon 1, start codon underlined;
SEQ ID NO:6); 5'- CAGCCTGGGACAGACCT—3' (internal
exon 1 sequence; SEQ ID NO:7), 5'-CAGGACAAGTACTC-
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CAAAAGT-3' (exon 2; SEQ ID NO:8); 5'-TGAGAAC-
CTCTGAGGAAACC-3'(exon 3; SEQID NO:9); and 5'-AG-
CAACAAAATATTTCTCCCCTA-3" (exon 4; SEQ ID
NO:10). Reverse primers included: 5'-ACTAAAAAGGC-
CCCGAAAA-3" (exon 5; SEQ ID NO:11); 3'-CCTCTG-
GTCCCAGTTATGT-3' (exon 4; SEQ ID NO:12); 5-TG-
GTTTCCTCAGAGGTTCTC-3' (exon 3; SEQ ID NO:13);
and 5'-ACGGAGTTGCCACTTGACTT-3' (exon 2; SEQ ID
NO:14). p-actin specific oligonucleotides (forward primer,
S“GAAACTACCTTCAACTCCATC-3' (SEQ ID NO:15)
and reverse primer, S'-CGAGGCCAGGATGGAGCCGCC-
3' (SEQ ID NO:16)) were used as amplification controls
(GenBank accession number NM__001101). Conditions for
RT-PCR were as follows: a reverse transcription step at 50° C.
for 60 minutes followed by an 1nitial denaturation step at 94°
C. for 2 minutes, followed by 30 cycles (TRAIL) or 25 cycles
(Actin) of denaturation for 30 seconds, annealing for 1 minute
at 55° C., extension at 72° C. for 45 seconds and a final
extension step at 72° C. for 5 minutes. PCR products were

clectrophoresed on 2% or 3% agarose gels containing
cthidium bromide and visualized under UV transillumina-
tion.

Bands of interest were excised from agarose gels and 1s0-
lated using the QIAquick gel extraction kit ((Q1agen, Valencia,
Calif.). Products were ligated into the pGEM-T easy cloning
vector (Promega, Madison, Wis.) and transformed into Z.
coli. Isolated colonies containing the plasmid were cultured
and plasmid DNA was recovered using the Perfectprep Plas-
mid Isolation Kit (Eppendorf North America, Westbury,
N.Y.). Plasmids were sequenced using 17 or SP6 site-specific
primers on an ABT Prism 377 DNA sequencer (Applied
Biosystems, Foster City, Calif.).

Expression Vectors and Transfection of Cultured Cells

The complete cDNA coding sequence of TRAIL-s was
amplified by RT-PCR as described herein, using the BamHI
site-containing, forward primer S-C
GGATCCATGGCTATGATGG-3' (SEQ ID NO:17; restric-

tion site underlined just upstream of TRAIL start codon) and

reverse primer spanning the exon 2-5 splice junction
SCTTATTTTGCGGCCCAGAGCCTTTTCATA
TCTTGGAGTCTTTC-3' (SEQ ID NO:18). The PCR prod-
uct was cloned into the pGEM-T-easy vector as described
herein, digested with BamHI and EcoRI, and then direction-
ally subcloned into expression vectors (1.e., pGEX-KG, HA-
pcDNA3Z, p']GFPCI and pEGFPN1 (Clontech, Mountain
View, Calif.)) using standard protocols to produce GST-,
HA-, and GFP-tagged constructs of TRAIL-s, respectively.
HEK-293T cells were transiected using Llpofectamme
2000 reagent (Invitrogen). Twenty-four hours after transiec-
tion, culture supernatants and cell pellets were collected for
experiments and expression analysis. Transiection of primary
CD4+ T cells was performed using the Nucleofactor trans-
fection system and reagents (1-23 program; Amaxa, Gaith-
ersburg, Md.). Transfection efficiency was monitored by fluo-
rescence (e.g., for GFP and GFP-TRAIL-s expression) or by
Western blot analysis (e.g., for HA and HA-TRAIL-s) as
described herein.

Recombinant GST-tagged TRAIL-s was produced 1n E.
coli DH3a, transformed with pGEX vector containing
TRAIL-s, and cultured 1n 1 LL of LB medium containing 50
ug/mL of Ampicillin to an A600 of 0.6 to 0.8. Synthesis of
GST-TRAIL-s was induced by addition of 0.1 mM IPTG for
3 hours at 37° C. Bacteria were collected by centrifugation,
washed with PBS, and resuspended 1n 10 mL of STE builer
(10 mM Tris-HCI, 1 mM EDTA, 150 mM NaCl) supple-
mented with protease mhibitors. Freshly prepared lysozyme

solution was added to a final concentration of 100 ug/ml., and
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then incubated on ice for 15 minutes. Just before sonication
for a total time of 1 minute, 10 mM DTT and 1.4% Sarkosyl
were added and the suspension was mixed thoroughly. Cell
debris was removed by pelleting. The supernatant was
supplemented with 4% Triton X-100 and additional STE
Butfer to 20 mL, and was 1incubated at room temperature for
30 minutes. The lysate was purified over a glutathione agar-
ose column, and GST-TRAIL-s bound to the column was
cluted with glutathione butfer (10 mM Tris-HCI, 1 mM DTT,
and 10 mM Glutathione). Protein concentrations of purified
GST (control) or GST-TRAIL-s were determined using a
Bradiord absorbance colorimetric assay (Bio-Rad, Hercules,
Calif.).
Antibodies

Fluorescently tagged anti-TRAIL antibody (clone RIK-2)
as well as Annexin V-PE, Annexin V-FITC, and propidium
10dide were obtained from BD Biosciences (San Jose, Calif.).
Antibodies against the HIV antigen p24 were obtained from
Immunodiagnostics (Woburn, Mass.). Mouse monoclonal
antibodies (MAbs) to TRAIL-R1 (clone M271), TRAIL-R2
(clone M412), TRAIL-R3 (clone M430), and TRAIL-R4
(clone 445) were obtained from Dr. David Lynch (Immunex
Corporation; Amgen, Thousand Oaks, Calif.). Phycoerythrin
(PE)-conjugated anti-TRAIL-R2 antibodies, as well as sec-
ondary anti-mouse PE antibodies for flow cytometry were
obtained from R & D Systems (Minneapolis, Minn.). Anti-
GST antibodies for tlow cytometry were obtained from Mar-
tek Biosciences (Columbia, Md.). Western blotting control
antibodies for PCNA (clone PC10) and actin (clone C2),
HRP-conjugated secondary antibodies against mouse and
rabbit immunoglobulins, and Protein A/G-Plus beads were
purchased from Santa Cruz Biotechnology (San Jose, Calif.).
HRP-conjugated Protein-A for use 1n Western blotting was
purchased from GE Healthcare (Piscataway, N.I.). Anti-he-
magglutinin (anti-HA) antibody was purchased from Boe-
hringer-Mannheim (Indianapolis, Ind.).
Protein Detection by Western Blot Analysis

Cells were lysed using 150 mM NaC(l, 0.1% Triton X-100,
10 mM Tris-HCI, pH 7.6, and mini-cOmplete protease imnhibi-
tor tablets (Roche Applied Science, Indianapolis, Ind.). Fol-
lowing centrifugation at 14,000 g for 15 minutes, protein
samples were analyzed for protein concentration, and equiva-
lent amounts of the protein samples were electrophoresed on
15% SDS-polyacrylamide gels and transferred to Immo-
bilon-P membranes (Millipore, Billerica, Mass.). Mem-
branes were blocked 1n Tris-buifered saline containing 0.2%
Tween-20 and 2% BSA, and blotted 1n a 1:1000 dilution of
primary antibody (e.g., H-2357, K-18 (Santa Cruz Biotechnol-
ogy, San Jose, Calif.), and anti-HA (Boehringer-Mannheim,
Indianapolis, Ind.)) followed by a 1:10,000 dilution of an
appropriate HRP-conjugated secondary antibody (e.g., anti-
mouse HRP, anti-goat HRP, or anti-rabbit HRP). Membranes
were developed using ECL Western blotting detection
reagents (GE Healthcare). Equal protein loading was con-
firmed by re-blotting membranes for Proliferating Cell
Nuclear Antigen (PCNA) using a mouse anti-PCNA-specific
antibody (PC10; Santa Cruz Biotechnology), or by re-blot-
ting membranes for actin using an anti-actin antibody (clone
C2; Santa Cruz Biotechnology).
Induction of Apoptosis and Assessment

Cell death was induced through the addition of Fas-agonist
CH-11 antibody (Upstate Biotechnology, Lake Placid, N.Y.)
at 100 ng/ml, the addition of recombinant Superkiller
TRAIL (skTRAIL; Axxora, San Diego, Calif.) at 15 ng/mlL.,
or the addition of leucine zipper TRAIL (LZ TRAIL) at 25
ng/mL (Dr. David Lynch, Immunex) to culture media. Where
indicated, cells were pretreated with antagonistic TRAIL
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antibody clone 2E5 (Axxora) or 1sotype control antibody at a
concentration of 5 pug/mlL to determine whether TRAIL
receptor/TRAIL complexes were Tunctional. Cell death was
quantitated using Trypan blue staining, flow cytometry for
Annexin V and/or propidium i1odide staimng (BD Bio-
sciences ), caspase-3 fluorogenic activity assays, and Cell'T1-
ter-Glo ATP and luciferase-based viability detection means.
Viability also was assessed using MTS reduction assays
(Promega, Madison, Wis.). Viability was calculated by sub-
tracting the percentage of dead cells from the total number of
cells counted/assessed by the indicated method. PBL effector
killing of the TR AIL-sensitive target Jurkat T cells was exam-
ined in co-culture experiments. The target Jurkat T cells were
pre-stained with D10 (3,3'-dioctadecyl oxacarbocyanine per-
chlorate; Molecular Probes, Eugene, Oreg.) to 1dentily them
in co-culture with PBLs by incubating them at 1x10° cells per
mL 1 500 nM D10 1n PBS for 3 minutes at room temperature
in the dark, followed by washing with PBS. PBLs were
washed with PBS before use, and then combined in fresh
complete medium with the labeled Jurkat cells at the indi-
cated ratios of eflectors:targets. Where indicated, neutraliz-
ing ant1-TRAIL antibody (clone 2E5) was also added to the
cell mixture. After 6 hours, cells were resuspended 1n
Annexin binding buifer, stained with Annexin V-Cy5 (BD
Biosciences, San Jose, Calif. ) before analysis on a FACSCali-
bur instrument (BD Biosciences). Data are expressed as the
isult-specific (e.g., TRAIL- or Fas-specific) apoptosis, and
calculated as the percent apoptosis following insult minus the
percent apoptosis 1n control samples. Relative inhibition of
apoptosis was calculated as the insult-specific percent apop-
tosis minus the reduced apoptosis percentage, divided by the
isult-specific apoptosis.

Monitoring of TRAIL and TRAIL Receptors at the Cell Sur-
face

Flow cytometry was used to determine surface expression
of TRAIL receptors, as described elsewhere (Lum, et al., J.
Virol., 75:11128-36 (2001)). Briefly, 10° cells in minimal
volume were incubated with 1 ug/mL of primary antibodies
(e.g., ant1-TRAIL-R1 (clone M271), ant1-TRAIL-R2 (clone
M412), anti-TRAIL-R3 (clone M430), or anti-TRAIL-R4
(clone 4435); Immunex Corporation) in PBS containing 1%
BSA for 1 hour on 1ce, before labeling with phycoerythrin
(PE)-conjugated anti-mouse secondary antibodies. Flow
cytometry was performed on a FACSCalibur bench top
cytometer and Macintosh workstation running CellQuest
soltware (BD Biosciences), and a minimum of 20,000 events
were counted for each sample.

Briefly, 10° cells in 100 uL. volume were incubated with 5
ug/mL of primary antibodies 1n PBS containing 1% BSA for
1 hour on 1ce, then stained with PE-conjugated anti-mouse
secondary antibodies. TRAIL expression was assessed by
flow cytometry using the directly conjugated antibody RIK-2
(BD Pharmingen). Annexin V staining was performed by
washing treated or control cells with PBS before suspension
in binding buffer (10 mM HEPES/NaOH, pH 7.4, 140 mM
NaCl, 2.5 mM CaC(Cl,). Next, 10 ug Annexin V-FITC or
Annexin-PE was added to appropriate samples, and incu-
bated at room temperature for 15 minutes before tlow cytom-
etry. Where indicated in the text, tflow samples were also gated
on parameters of GFP-positivity, or alternately by light scat-
ter characteristics. Flow cytometry was performed on a FAC-
SCalibur benchtop cytometer and Macintosh workstation
running CellQuest software (BD Biosciences), and a mini-
mum of 20,000 events were counted for each sample. Con-
centrations of TRAIL in cell culture supernatants were deter-
mined by commercial ELISA (Cell Sciences, Canton, Mass.)
according to manufacturer’s protocol.
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TRAIL-s Depletion Experiments
Immunodepletion of TRAIL-s from the supernatants of

transfected HEK-293T, mock-infected PBL, or HIV-infected
PBL cells was performed by adding anti-TRAIL-s rabbait
antisera (or preimmune sera from the same rabbit as control)
and Protein-A/G sepharose beads to cell supernatants fol-
lowed by rocking at 4° C. for two hours. Beads were pelleted
by centrifugation, and removal of the TRAIL-s from trans-
tected HEK-293T supernatants or HIV-infected supernatants
was confirmed by Western blot following depletion. PBS,
supernatants from mock-infected PBLs, or supernatants from
HIV-infected PBLs were then used to pre-treat TR AIL-sen-
sitive Jurkat target cells for 30 minutes before killing with
skTRAIL at 10 or 15 ng/mL. Supernatants were generated by
suspending 1x10” washed PBLs per 100 uLL in PBS for 60
minutes at 37° C. The supernatants were divided into portions
that were or were not immunodepleted.

TRAIL-s RNA Interference (RNA1) Experiments

RNA terference (RNA1) of TRAIL-s was achieved
through transfection of shRNA oligonucleotides (Dharma-
con, Lafayette, Colo.) targeting the TRAIL-s mRNA. Con-
trols included untransiected cells, empty vector transiection,
transiection with non-RISC interacting shRINA oligonucle-
otides, transtection with shRNA oligonucleotides specific for
of Lamin A/C mRNA, and transfection with non-targeting
shRNA oligonucleotides tagged with Cy-3 (to determine
transfection efficiency). Cells were plated 24 hours before
transiection 1n either 24 or 96 well plates, at concentrations of
30,000 cells/well and 3,000 cells/well, respectively, 1n anti-
biotic-free media. Optimal concentrations for Lipofectamine
2000 and the shRNA oligonucleotides were determined
empirically to be 1 ulL and 0.2 ulL Lipofectamine 2000 per
well in 24-well and 96-well plates, respectively, and shRINA
oligonucleotides were used at 30 mM. RNA interference was
confirmed by Western blot 48 hours after transfection. To
assess functional consequences of TRAIL-s RNA 1nterfer-
ence, killing curves were created for the transfected cells by
treating across arange ol skTRAIL concentrations. Cell death
was assessed by MTS reduction assay, by flow cytometry for
light scatter, and by Annexin V binding 16 hours after
skTRAIL was added.

Statistical Analysis

Where indicated, statistical analysis was performed com-
paring treatment groups against appropriate control groups
using a student’s t-test. P-values less than 0.05 were consid-
ered significant.

Antibody Production and Screening

Polyclonal antisera against the neoepitope C-terminus of
TRAIL-s was raised 1n rabbits immunized with recombinant
dodecapeptide, CTPRMKRLWAAK (SEQ ID NO:19), con-
jugated to keyhole limpet hemocyanin (KL H).

The unique carboxyl terminal 11 amino acids encoded by
TRAIL-s (SEQ ID NO:19) were synthesized and conjugated
to KLH through a Cysteine residue also added to the N-ter-
minus of the peptide sequence using an Apex 396 Peptide
Synthesizer. The purified peptide was used 1n the immuniza-
tion of rabbits for the generation of polyclonal antisera. After
both the initial immunization as well as two subsequent
boosts of antigen, the rabbits were bled and the raw sera used
to assess their reactivity to TRAIL-s produced by HA tagged
TRAIL-s overexpressing cells. Reactivity of each test bleed
was compared with pre-immunization sera taken from the
same rabbits. After a robust response developed, terminal
bleeds were taken. For generation of monoclonal antibodies,
Balb/c mice were immumzed with KLH-conjugated
TRAIL-s C-terminal peptide. Splenic fusions were gener-
ated, and hybridomas were assessed for production of reac-
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tive antibodies through ELISA and Western blotting tech-
niques. Single-cell clones expressing anti-TRAIL-s
antibodies were expanded 1nto tissue culture tlasks and con-
ditioned media collected after 1 week of growth. Immuno-
globulin was purified by passage of the conditioned media
over a protein-A column, washed, and eluted with Immu-
noPure IgG Elution Buffer. The eluate was neutralized with 1
M Tris, pH 9.2 and dialyzed against PBS before sterile filtra-
tion and stored 1n aliquots at —80° C.

TRAIL-R2 Staining Interference and Knockdown Experi-
ments

10° Jurkat or HeLa cells were incubated on ice with 200 ng
of GST, GST-TRAIL-s fusion protein, or 100 ng of skTRAIL
for 30 minutes before washing once with PBS and staining for

surface expression of TRAIL-R2 (as described herein). For
experiments addressing TRAIL-s binding of TRAIL-R2
through knockdown, a 21-bp sequence that has been used to
silence endogenous DRSS (3'-AAGACCCTTGTGCTCGT-
TGTC-3" (SEQ ID NO:20)) was mserted mto a plasmad,
pCMS-4.eGFP.HIP, that contains an H1 promoter for shRNA
expression, a CMYV promoter for expression ol shRNA-resis-
tant cDNAs, and an SV-40 promoter controlling EGFP
expression. For reconstitution with shRNA-resistant DRS,
cDNA encoding full-length DRS5 was amplified from Jurkat
cell RNA, cloned into the pCMS-4.eGFP.HI1P plasmid using
Eco RV and Not I restriction enzymes, and mutated at the
shRNA target sequence to 5'-AAAACACTAGTTCTAG-
TAGTC-3' (SEQ ID NO:21) by site-directed mutagenesis.
Integrity of the inserts was confirmed by sequencing. The
plasmid was then transfected into Jurkat T cell leukemaia cells

by electroporation at 300 V for 10 milliseconds using a BTX
820 square wave electroporator. After 24 hours, cells were

assayed for their ability to bind GST-TRAIL-s.
HIV-Infected T Cells are TRAIL Sensitive and Express
TRAIL, but do not Undergo Paracrine TRAIL-Induced
Death.

PBLs infected with HIV increased the expression of
TRAIL-R1, -R2, and -R4 four days after infection as deter-
mined by flow cytometry (FIG. 1A), and by RT-PCR. PBLs
from HIV-infected patients exhibited an enhanced suscepti-
bility to TRAIL-mediated cell death, as has been demon-
strated elsewhere (Lum et al., J. Virol., 75:11128-36 (2001)).
TRAIL expression was increased in both HIV-infected and
mock-infected cells from the same cultures (FIGS. 1B and
1E). Co-staining for the HIV antigen p24 revealed that the
increase in TRAIL expression occurred within the population
of PBLs also staining positive for p24 (FIG. 1E). Soluble
TRAIL production was increased by HIV-infected PBLs
(FI1G. 1C). Antagonistic TRAIL antibody clone 2E5 activity
was confirmed i Jurkat T cells treated with recombinant
TRAIL. Mock-infected or HIV-infected PBL cultures were
treated with antagonistic TRAIL antibody clone 2ES or 1so-
type control antibody and assessed for cell viability (FIG.
1D). Cell vaability of HIV-infected cultures was not changed
as a result of the addition of antagonistic anti-TRAIL anti-
body, indicating that the function of either TRAIL, TRAIL
receptor(s), or the interaction of TRAIL with TR AIL receptor
(s) was antagonmized 1n HIV-infected cultures.

HIV Infected PBLs Produce a Soluble Inhibitor of TRAIL-
Mediated Cell Death.

A cytotoxicity assay was performed using TRAIL-sensi-
tive Jurkat T cells as targets and HIV-infected PBLs as effec-
tor cells. Superkiller TRAIL (skTRAIL) induced significant
Jurkat T cell death, which was inhibited by anti-TRAIL anti-
body. The minimal levels of Jurkat T cell death induced by
HIV-infected PBLs were not affected by anti-TRAIL anti-
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body, indicating that TRAIL produced by HIV-infected cells
1s non-functional or antagonized (FIG. 2A).

HIV- or mock-infected PBLs were incubated at high con-
centration 1n PBS for 90 minutes, the cells were pelletal, and
the resulting supernatant was tested for the ability to induce
death or inhibit TR AIL-induced death. Incubation of Jurkat T
cells with supernatant from mock-infected PBLs resulted 1n
minimal death. Incubation of Jurkat T cells with HIV-infected
PBL cell supernatant caused a slight increase in the number of
PI positive cells (11.2%), while treatment of Jurkat T cells
with skTRAIL resulted 1n significant death. Preincubation of
Jurkat T cells with mock-infected PBL cell supernatant did
not impact skTRAIL-1induced death. However, preincubation
of Jurkat T cells with HIV-infected PBL cell supernatant
reduced the amount of skTRAIL-1nduced death from 63.8%
to 45.8% (FIG. 2B). The mhibitory effect of HIV-infected
PBL cell supernatant was TRAIL specific, as HIV-infected
PBL cell supernatant significantly inhibited skTRAIL-1n-
duced death of Jurkat T cells (p<<0.008) but had no impact on
apoptosis induced by the agonistic anti-Fas clone CH11 (FIG.
2C).

HIV-Infected Cells Express a Novel TRAIL Splice Variant.

Three soluble pro-apoptotic splice variants of TRAIL have
previously been described: TRAILa, encoded by all 5 exons;
TRAILP 1n which exon 3 1s excised; and TRAILyY 1n which
both exons 2 and 3 are excised (FIG. 3A). Primers that are
known to amplify all three varniants were used to perform
RT-PCR on HIV-infected or mock-infected PBL. On day 0,
no TRAIL message was detectable 1n mock- or in HIV-1n-
tected PBLs. Mock-intected PBLs that were cultured i IL-2

exhibited increased expression of TRAILa after day 2 post-
infection. In HIV-infected PBL, TRAILa, TRAILP and
TRAILyY were detectable day 2 post-infection (FIG. 3B).

A novel TRAIL RT-PCR product was amplified from HIV-
infected PBLs but not mock-infected PBLs using a sense
primer from exon 1 (SEQ ID NO:6) and an antisense primer
from exon 5 (SEQ ID NO:11). The size and sequence of the
amplified product suggested excision of exons 3 and 4. A
sense primer from exon 1 (SEQ ID NO:6) and an antisense
primer spanning exons 2 and 5 (SEQ ID NO:18) amplified a
product 1n HIV-infected cells, but not mock-infected cells
(FIG. 3C) that was confirmed by sequencing to be a splice

variant (GenBank® GI Number 112820323). This splice
variant was termed TRAIL short (TRAIL-s). The nucleotide
sequence of TRAIL-s includes a frame shiit, resulting 1n a

premature stop codon within exon 5, and a novel carboxyl
terminal amino acid sequence, TPRMKRLWAAK (SEQ ID

NO:2).
TRAIL-s Binds Death-Inducing TR AIL Receptors and Inhib-
its TR AIL-Induced Apoptosis.

Jurkat T cells or HeLa cells, both of which express TRAIL-
R1 and -R2, were analyzed following treatment with

skKTRAIL to determine 11 occupying TRAIL receptors with
skTRAIL blocked the ability to detect TRAIL-R1 and/or

TRAIL-R2 with receptor-specific antibodies. sk TRAIL pre-
treatment prevented receptor detection 1n each cell type (FIG.
4 A and data not shown). Pretreatment of Jurkat T cells (FIG.
4A) or Hel.a cells (data not shown) with GST-TRAIL-s also
prevented detection of TRAIL-R2 by antibody (FIG. 4A), but
did not alter detection of TRAIL-R1, indicating that GST-
TRAIL-s binds to TRAIL-R2. To confirm binding of
TRAIL-s to TRAIL-R2, Jurkat T cells were transtected with:

1) GFP and shRNA for TRAIL-R2; or 2) GFP, shRNA {for
TRAIL-R2, and a coding sequence forTRAIL R2, which was
not mnhibited by shRNA. GFP-expressing cells were moni-
tored for TRAIL-R2 expression monitored and binding of

GST TRAIL-s (FIG. 4B). Vector control cells had detectable
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TRAIL-R2 and GST-TRAIL-s bound significantly. In con-
trast, TRAIL-R2 expression and GST-TR AIL-s binding were

both ihibited by the TRAIL-R2 shRNA. Cells in which
TRAIL-R2 expression was restored, exhibited restored detec-
tion of TRAIL-R2 and binding of GST-TRAIL-s. In cells
where TRAIL-R2 expression was inhibited, GST-TRAIL-s
binding was mimimal, suggesting that TRAIL-s does not bind

significantly to other TRAIL receptors which are present on
Jurkat T Cells.

TRAIL-s 1s the TRAIL Inhibitor Produced by HIV-Infected
Cells.

Jurkat cells were treated with GST-TRAIL-s or GST con-
trol and stimulated with recombinant TR AIL. Pretreatment of
TRAIL-sensitive cells with GST-TRAIL-s produced a dose-
dependent 1nhibition of TRAIL-induced death. At doses of
250 ng/mlL, 22% of TRAIL-specific apoptosis was mnhibited,
increasing to 40% inhibition of TRAIL-specific apoptosis
with 2.5 ug/mL of recombinant GST-TRAIL-s. These results
confirm that TRAIL-s 1s a TRAIL antagonist (FIG. SA). A
polyclonal antibody targeted to the unique carboxyl-terminal
amino acid sequence of TRAIL-s (FIG. 5B) was used to
immunodeplete supernatants from HIV-infected cells. The
TRAIL-s supernatants were tested to determine whether the
immunodepletion altered the ability of these supernatants to
inhibit TRAIL-induced death (FIG. 5C). Untreated superna-
tant from HIV-infected cells inhibited sk TRAIL-1nduced cell
death of Jurkat T cells. Supernatants from HIV-infected cells
immunodepleted with pre-immune serum also 1nhibited
skTRAIL-induced Jurkat T cell death. However, supernatants
that were immunodepleted using post-immune serum raised
against TRAIL-s did not inhibit skTRAIL-induced Jurkat T
cell death, demonstrating that TRAIL-s 1s the factor con-
tamned within supernatants from HIV-infected cells that
causes resistance to TRAIL-mediated cell death. Similar
results were obtained 1n another experiment (FIG. 3D).
TRAIL-s 1s Expressed by HIV-Infected Cells In Vivo.

Plasma from HIV-infected patients with a wide range of
viral replication was assessed by Western blot. Cell lysates
from HIV-infected patients and plasma from HIV-infected
patients with a wide range of viral replication was assessed by
western blot. FIG. 10 shows the western blot results of cell
lysates from the purified CD4+ T cells of HIV-infected, non-
suppressed patients. CD4+ T cells from an HIV-negative
donor was used as a negative control, while HA-TRAIL-s
transiected HEK-293T cells were used as a positive control.
TRAIL-s expression was higher in HIV-infected CD4+ T
cells as compared to CD4+ T cells from an uninfected 1ndi-
vidual.

FIG. 11 shows the immunoprecipitation of TRAIL-s from
HIV-infected patient sera. Immunoprecipitation was per-
formed using a chimeric recombinant TRAIL-R2 (DR5)/hu-
man Fc protein covalently coupled to sepharose beads.
Immunoprecipitated TR AIL-s was detected by Western blot-
ting. Viral loads detected 1n the plasma of these patients are
indicated. These results demonstrate an apparent viral load
correlation with TRAIL-s expression.

Sandwich immunoassays, using plate-bound chimeric
TRAIL-R2/FC polypeptide as the capture reagent and mouse
monoclonal antibodies against TRAIL-s as the detection
reagent, were performed on HIV patient sera as well as nor-
mal human sera to further quantitate the concentrations of
TRAIL-s found circulating in HIV patient serum (FIG. 12).
The plasma of HIV-infected patients contained up to 500
ng/mlL of TRAIL-s, and the presence of TRAIL-s correlated
directly with viral replication.

TRAIL-s 1s Responsible for TRAIL Resistance 1mn Certain

Tumors.
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Tumor cell lines were selected based upon their known
relative resistance to TRAIL-mediated cell death. These
tumors were screened by RT-PCR and by Western blot for the
presence of TRAIL-s. Five of twelve tumor cell lines tested
expressed detectable message (FIG. 6A) for TRAIL-s. Sev-
eral additional melanoma cell lines exhibited detectable
TRAIL-s (FIG. 6B).

To determine whether the presence of TRAIL-s was
responsible for the TRAIL resistance i tumors, MDA-MB-
468 cells were stably transfected with an RNA1 construct
specific for TRAIL-s, for Lamin, or were left untransiected.
These cells were treated with 0-25 ng/mL of skTRAIL, and
their sensitivity to TRAIL-mediated cell death was assessed.
MDA-MB-468 cells expressing a TRAIL-s-specific miRNA
were more sensitive to skTRAIL-induced cell death than

untransiected or laminin-specific miRNA-transfected cells
(FIG. 6C).

Example 2

Evaluating the Role of TRAIL-s on
Immunoregulation

TRAIL-s Binding Affinmity to TRAIL Receptors

TRAIL-s receptor-binding ailinity and real-time binding
kinetics are measured using a Biacore surface plasmon reso-
nance instrument. Briefly, recombinantly produced, GST-
tagged or biotinylated TRAIL-s 1s immobilized to the surface
of a Biacore CMJ3 or SA sensor chip and used as bait for serial
injections using increasing concentrations ol recombinant
TRAIL receptor/Fc chimera proteins. Each of the five TRAIL
receptors (e.g., TRAIL-R1, -R2, -R3, -R4, and OPG) are
tested and their relative association and dissociation constants
are calculated for comparisons.

The affinities of each TRAIL receptor for TR AIL-s and for
tull-length TRAIL are determined using a competition assay,
wherein each of the sensor chip-bound recombinant TRAIL
receptor/Fc chimera proteins 1s first saturated with recombi-
nant full-length TRAIL and then 1s competed oif through
injections of increasing concentrations of recombinant HA -
TRAIL-s. Multiple repetitions of each experiment using
regenerated chips, as well as the inverse experiment (1.e.,
prior saturation with GST-TRAIL-s followed by competition
using 1njections of increasing concentrations of full length
TRAIL) provide precise assessment of the relative affinities
of TRAIL-s and full length TRAIL for each of the TRAIL
receptors. Such experiments also determine whether
TRAIL-s 1s a competitive, non competitive, or mixed mnhibi-
tor of TRAIL.

Agents That Induce TRAIL-s Expression

Agents (e.g., growth factors, cytokines, hormones, or
chemokines) are tested to determine their ability to mduce
TRAIL-s expression. Brietly, PBLs are incubated 1n the pres-
ence or absence of agents such as cytokines (e.g., type I and
type Il interferons), growth factors (e.g., TGF-[3), and toll like
receptor (e.g., TLR 2, 3, 7, 8, and 9) agonists. Following
incubation, cells are lysed and are assessed for TRAIL-s
expression by RT-PCR and western blot analysis.

TRAIL-s in'T Cell Induced Cytotoxicity

Cells (e.g., T cells, B cells, NK cells, monocytes, macroph-
ages, plasmacytoid dendnitic cells) from HIV-infected
patients are assessed for the expression of TRAIL-s using
Western blot analysis. TRAIL-s expression 1s confirmed by
single cell RT-PCR. Cell types expressing TRAIL-s are sub-
jected to further fractionation. For example, T cells are further
fractionated into memory, effector, CD4, and CDS8 subsets.
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Agents that induce the expression of TRAIL-s are further
characterized functionally using cytotoxicity assays.
Assessing TRAIL-s Effects on HIV Injection

HIV susceptible cell lines (e.g., Jurkat T cells) are stably
transtected with an RN A1 construct specific for TR AIL-s that
1s targeted to the splice junction of exons two and five of
TRAIL. Cells expressing a TRAIL-s specific RNA1 construct
are 1nfected with HIV and assessed for TRAIL sensitivity,
HIV virus production, and the presence of chronic HIV infec-
tion.

Example 3

Determining the Role of TRAIL-s 1n the
Immuno-Pathogenesis of Melanoma

Correlation of TRAIL-s Expression With Melanoma Param-
eters

TRAIL-s expression 1s assessed 1n the plasma of patients
with malignant melanoma and 1n malignant melanoma tis-
sues using methods such as ELISA and immunohistochem-
1stry. TRAIL-s expression level 1s correlated with melanoma

stage, type, phenotype, and disease outcome.
TRAIL-s 1n Melanoma Avoidance of CTL-Induced Cell
Death

Melanoma cells (e.g., cell lines or primary cells) having
reduced levels of TR AIL-s are used as targets 1n a cytotoxicity
assay. TRAIL-s levels can be reduced by, for example, using
an antibody that recognizes TR AIL-s or by transfecting mela-
noma cells with a TRAIL-s-specific RNA1 construct. Mela-
noma cells having normal levels of TRAIL-s and melanoma
cells having reduced levels of TRAIL-s are labeled with D10
and are co-incubated with cytotoxic T lymphocytes (CTLs).
D10-labeled melanoma cells are then assessed for apoptosis
using flow cytometry. Apoptosis levels 1n melanoma cells
having reduced levels of TRAIL-s can be compared to apop-
tosis levels 1n melanoma cells having normal TRAIL-s levels

to assess the role of TRAIL-s 1n melanoma avoidance of
CTL-1nduced cell death.

Melanoma-Specific CTL-Mediated Cell Death

MHC Class 1-deficient T2 target cells are loaded with a
melanoma-associated antigen (e.g., a gpl00 polypeptide)
using standard protocols and are co-cultured with CTLs from
melanoma patients 1n the presence or absence of recombinant
TRAIL-s. The level of apoptosis 1n the T2 target cells 1s
assessed using tlow cytometry. Apoptosis levels 1 cultures
incubated in the presence of recombinant TRAIL-s can be
compared to apoptosis levels 1n cultures incubated 1n the
absence of recombinant TRAIL-s to assess the role of
TRAIL-s in melanoma-specific CTL-mediated cell death.

Example 4

Evaluating the Role of TRAIL-s in Hepatitis C Virus
(HCV) Persistence

Determining the Effect of HCV Polypeptide Expression on
TRAIL-s Expression

Human hepatocytes (e.g., the Huh7/ cell line or primary
hepatocytes) are transiected with an expression vector for one
of mine HCV polypeptides, the complete virus, or with an
empty vector. The cells are then lysed and assessed for
TRAIL-s expression by RT-PCR and Western blot analysis.

Frozen liver samples from HCV-infected patients, from
non-infected control patients, and from non-infected non-
alcoholic steatohepatitis (NASH) patients (1.e., non-infected
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inflammatory controls) are also assessed for TR AIL-s expres-
sion by RT-PCR and Western blot analysis.

TRAIL-s 1n Acute HCV Clearance

Blood samples from young intravenous drug users are
assessed for TRAIL-s expression using ELISA and Western
blot analysis before, during, and after acute HCV 1nfection.
TRAIL-s expression can be compared during each stage of
infection and between individuals that clear the infection and
those that establish persistent infections.
Ex Vivo Clearance of HCV

Hepatocytes from HCV-infected patients are 1solated after
liver biopsy and digested into a cell suspension using methods
described elsewhere (Vlahakis, et al., J Infect. Dis., 188:
1455-1460 (2003)). Peripheral blood i1s obtained from the
patients at the time of liver biopsy, and CD8+ T cells are
1solated using Stem Cell enrichment cocktail for humans
(StemCells, Inc., Palo Alto, Calif.). The hepatocytes and
CD8+ T cells are co-cultured at varying etlector to target
ratios 1n the presence or absence of anti-TRAIL antibody or
1sotype control. The hepatocytes are assessed for apoptosis by
flow cytometry and HCV nfection. HCV infection 1n hepa-
tocytes can be assessed by staining the hepatocytes with
fluorescently labeled anti-HCV antibodies or 1sotype control
antibodies and analyzing them by flow cytometry. HCV
infection can also be assessed by using RT-PCR to amplify a
conserved region 1n the 3" untranslated region of HCV from
hepatocyte RNA.

Example 5

Evaluating the Ability of TR AIL-Short to Confer
Immune Escape

Experiments were performed to determine whether or not
TRAIL resistant cells can modity TRAIL sensitivity of
bystander cells 1n a paracrine fashion. The ovarian cancer cell
line, Ovcar5, was chosen as a representative TRAIL receptor
expressing cell lines that 1s TRAIL resistant. Ovcard cells
were 1mncubated at a high density 1n PBS for one hour. The
supernatant was used to pretreat TRAIL-sensitive Jurkat T
cells. Treatment of the Jurkat T cells with the supernatant
conferred a relative resistance to TRAIL-mediated killing
(FIG. 13A). In contrast, supernatants from SupT1 cells,
which express TRAIL receptors and are TRAIL sensitive,
failed to antagonize Jurkat killing by TRAIL. Moreover, the
resistance was TRAIL specific, since Jurkat T cells pretreated
with Ovcar5 supernatant were as sensitive to Fas-induced
death as were control cells.

Ovcar5 and SupT1 supernatants were immunoblotted with
a polyclonal anti-TRAIL antibody. A TRAIL immunoreac-
tive band of 14 kD was observed, which was too short to be
either TRAILa, 3, or v (FIG. 13B). The presence of the
TRAIL immunoreactive polypeptide was not inhibited by
matrix metalloprotease inhibitors, aprotinin, or leupeptin.

To determine whether the TRAIL immunoreactive band
might be TRAIL-s, combinations of sense and antisense
primers from each exon were used to perform RT-PCR. Per-
forming RT-PCR with a sense primer from exon 1 (SEQ ID
NO:6) and an antisense primer from exon 5 (SEQ ID NO:11),
amplified a product having a sequence that suggested exons 3
and 4 were excised. Performing RT-PCR with a sense primer

from exon 1 (SEQ ID NO:6) and an antisense primer span-
ning exons 2 and 5 (SEQ ID NO:18) amplified TRAIL-s in

Ovcar3, but not SupT1 cells (FIG. 13C).

TRAIL-s Binds TRAIL Receptor 2
As described in Example 1, experiments were performed

which demonstrated that TRAIL-s binds to TRAIL receptor
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2. The ability of TRAIL-s to bind TRAIL receptor 2 (also
termed Death Receptor 5, or DRS5) was confirmed using a
pull-down approach, and was then applied to samples of
interest 1n order to demonstrate the presence of TRAIL-s.
Brietly, 100 nanograms of a recombinant chimeric polypep-
tide consisting of the extracellular portion of TRAIL-R2
linked by a peptide spacer to a human immunoglobulin Fc
domain (R&D Systems, Minneapolis, Minn.) was incubated
with sample and 50 ulL of a 50-50 slurry of Protein A/G-
agarose beads (Santa Cruz Biotechnology, Santa Cruz, Calif.)
in a volume suificient to allow mixing. The mixture was
incubated at 4° C. overnight on a rotator. The beads were
pelleted, washed gently with PBS, and boiled 1n Lamellae
sample butler before loading on a 15% SDS-polyacrylamide
gel. After electrophoresis, polypeptides were transferred to
Immobilon-P membranes (Millipore, Billerica, Mass. ). West-
ern blotting of the membranes was performed as described
herein.

Immunoprecipitation using TRAIL-R1 or -R2 F¢ demon-
strated that TRAIL-R2, but not TRAIL-R1, interacted with
TRAIL-s (FIG. 14A), as detected using a monoclonal anti-
body specific for TRAIL-s (FIG. 14B).

TRAIL-s Inhibits Apoptosis and 1s the TRAIL Inhibitor Pro-
duced by Ovcar5

Experiments were performed to determine whether immu-
nodepletion of TRAIL-s alters the ability of OvcarS superna-
tants to inhibit TRAIL-1nduced death. Untreated supernatant

from Ovcar3 cells inhibited sk TR AIL-1nduced killing of Jur-

kat T cells. Similarly, supernatant from Ovcar5 cells immu-
nodepleted with control antibody maintained antagonistic
activity against skTRAIL killing (FIG. 15). However, when
the supernatant was immunodepleted using anti-TRAIL-s
antibody, the antagonism of the supernatant against TR AIL-
induced killing was lost (FIG. 15). These results demon-
strated that TRAIL-s was the factor contained within super-
natants from Ovcar5 cells that caused resistance to TRAIL-
mediated killing.

TRAIL-s Confers Resistance to Antigen-Specific CTL Kill-
ng,

Ovcar5 cells were stably transfected with shRNA specific
for TRAIL-s, Lamin, or empty vector (F1G. 16B), and protein
knockdown was confirmed by Western blot (FIG. 16A).
RNA1 knockdown of TRAIL-s was accomplished through
transfection of shRNA oligos targeting the splice variant.
Protein knockdown was assessed by Western blotting 48
hours post-transiection, using anti-TRAIL-s antisera. The
transiectants were treated with a range of skTRAIL concen-
trations, and their sensitivity to TRAIL-mediated killing was
determined. Ovcar5 cells demonstrated a significant increase
in skTRAIL sensitivity upon knockdown of TRAIL-s,
whereas 1ntroduction of the same shRNA constructs into
HelLa cells (which do not express TRAIL-s) did not alter
TRAIL sensitivity (FIG. 16C).

To determine whether melanoma cell lines express
TRAIL-s polypeptide, Western blotting was performed as
described 1n Example 1 (FIG. 6B) shRNA was then used to
knock down TRAIL-s expression in the melanoma cell line
A375. Knockdown of TRAIL-s expression i the melanoma
cells was observed to enhance TRAIL sensitivity (FIG. 17A).
These results indicate that resistance of melanoma cells to
TRAIL 1s mediated by TRAIL-s.

MART 1 1s an immunodominant HLA A2 restricted mela-
noma epitope. CTLs from HLA A2 positive patients with
stage IV disease were assessed for MART 1 specificity and
for TRAIL co-expression. Patients” PBLs were observed to
contain a significant proportion of MART1 specific CTLs, the
majority of which expressed TRAIL. These results indicate
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that melanoma specific CTLs express TRAIL, and melanoma
cells express TRAIL receptors. Due to the presence of
TRAIL-s, however, melanoma cells are TRAIL resistant. The

presence of TRAIL-s may be responsible for C'TL resistance

in melanoma cells.

Despite a high frequency of MART 1 specific C'TLs, these
cells exhibit minimal cytolytic activity against melanoma

targets 1 vitro and 1 vivo. To directly assess whether
TRAIL-s 1s responsible, cytotoxicity assays were performed

using a cloned MART 1 specific CTL against the melanoma

targets with or without TRAIL-s knockdown. A375 target
cells were loaded with MART 1 peptide, and CTL killing of

target cells was compared 1n cells without peptide loading and

in target cells preloaded with MART 1 peptide. The CTL
clone failed to kill target cells without peptide, MART

SEQUENCE LISTING

1

30

loaded target cells, MART 1 loaded target cells transtected
with empty vector, or MART 1 loaded target cells with knock-
down of Laminin. Strikingly, however, killing of target cells
loaded with MART 1 and exhibiting TR AIL-s knockdown by

C'TLs occurred in a significant and dose-responsive manner
(FIG. 17B).

10

<160> NUMBER OF SEQ ID NOS: 21
<210> SEQ ID NO 1
<211> LENGTH: 101
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
Met Ala Met Met Glu Val Gln Gly Gly Pro Ser Leu Gly Gln
1 5 10
Val Leu Ile Val Ile Phe Thr Val Leu Leu Gln Ser Leu Cys
20 25 30
Val Thr Tyr Val Tyr Phe Thr Asn Glu Leu Lys Gln Met Gln
35 40 45
Tyr Ser Lys Ser Gly Ile Ala Cys Phe Leu Lys Glu Asp Asp
50 55 60
Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser Pro Cys Trp
65 70 75
Lys Trp Gln Leu Arg Gln Leu Val Arg Lys Thr Pro Arg Met
85 90
Leu Trp Ala Ala Lys
100
<210> SEQ ID NO 2
<211> LENGTH: 11
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
Thr Pro Arg Met Lys Arg Leu Trp Ala Ala Lys
1 5 10
<210> SEQ ID NO 3
<211> LENGTH: 1776
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
tttcatttece tcactgacta taaaagaata gagaaggaag ggcttcagtg
tggctgactt acagcagtca gactctgaca ggatcatggce tatgatggag
gacccagcect gggacagacce tgcecgtgcetga tecgtgatcectt cacagtgcectce
tctgtgtgge tgtaacttac gtgtacttta ccaacgagct gaagcagatg

Other E

Embodiments

It 1s to be understood that while the mvention has been
described 1n conjunction with the detailed description
thereol, the foregoing description 1s intended to 1llustrate and
not limit the scope of the invention, which 1s defined by the
scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.

Thr
15

Val

ASpP

Ser

Gln

Lys
55

Ala

Val
80

Arg

accggctgcec

gtccagggdgy

ctgcagtctc

caggacaagt

60

120

180

240



actccaaaag

acgaagagag

gaaagatgat

atatttctcc

ccagaggaag

gcaaaataaa

tgaggaatgyg

actttcgatt

atatttacaa

gttgttggte

agcttaagga

accatgaagc

caataacctc

aatctgacca

tagagcagcc

cccaagagaa

cagaaatcta

ttataatcta

tgtatcacag

gaagaggcac

aacattttgyg

caacatagtyg

tgcctgtagt

agaggttgca

tggtttcaaa

attctattac

tggcattgct

tatgaacagc

tttgagaacc

cctagtgaga

dadcaacacda

ctcctgggaa

tgaactggtc

tcaggaggaa

atacacaadgt

taaagatgca

aaatgacaga

cagttttttc

aaagtgacta

ddacaaacaa

dcaaccdadaa

tgaaattgct

gaagactgtc

ctccttgtaa

tagtagcctc

cactaaaaga

gaacccaagg

aaaccccatce

cccagctact

gtgtggtgag

dddadaadadaddadaa

agtatgtcaa

<210> SEQ ID NO 4

<211> LENGTH:
<212> TYPE:

306
DNA

31

tgtttcttaa
ccetgetgge
tctgaggaaa
gaaagaggtc
ttgtcttotc
tcatcaagga
atccatgaaa
ataaaagaaa
tatcctgacc
gaatatggac
atttttgttt
ggggcctttt
ttcagttttc
acagaaaaca
aattctacaa
gaaagatctt
agcttccaaa
agactgtaga
caggtttcct
tcgcagtttyg
tgggtagatc
tctactgaaa
tgagaggctg
atcatgccac
aaaaaaactt

ddadaaaddaaa

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 4

atggctatga

atcttcacag

gagctgaagc

gatgacagtt

aagtggcaac

aaataa

tggaggtcca
tgctcecctygcea
agatgcagga
attgggaccc

tccgtcaget

<210> SEQ ID NO b5
<211> LENGTH: 36

<212> TYPERE:

DNA

ggggygygaccc

gtctetetgt

caagtactcc

caatgacgaa

cgttagaaag

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 5

aagaagatga

aagtcaagtyg

ccatttctac

ctcagagagt

caaactccaa

gtgggcattc

aagggtttta

acacadagada

ctatattgtt

tctattccat

ctgtaacaaa

tagttggcta

aggatgatac

dgaaaacaaad

cacacactgt

tcaggactct

cattaatgca

agaaagagca

taagggacaa

cctggtgcag

acgagatcaa

gtacaaaaat

aggcaagaga

tacactccag

cagtaagtac

ddaaaa

agcctgggac
gtggctgtaa
aaaagtggca
gagagtatga

actccaagaa

US 8,008,261 B2
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cagttattgyg

gcaactccgt

agttcaagaa

agcagctcac

gaatgaaaag

attcctgagce

ctacatctat

cgacadacdaa

gatgaaaagt

ctatcaaggg

tgagcacttg

actgacctygyg

actatgaaga

aaacctctat

tctgaaagtyg

acctcatatc

atggttaaca

acaatccatc

catccttaag

tggctcacac

gagatcaaga

tagctgggtg

attgtttgaa

cctggcgaca

gtgttatttt

agacctgcgt

cttacgtgta

ttgcttgttt

acagcccctyg

tgaaaaggct

gaccccaatyg
cagctcgtta
aagcaacaaa
ataactggga
gctctgggcec
aacttgcact
tcccaaacat
atggtccaat
gctagaaata
ggaatatttyg
atagacatgg
aaagaaaaag
tgtttcaaaa
gcaatctgag
actcacttat
agtttgctag
tcttetgtet
tctcaagtag
tcaaaagaga
ctgtaatccc
ccatagtgac

tgttggcaca

ccoegggaggce
gagcgagact

Cttcaataaa

gctgatcgtyg
ctttaccaac
cttaaaagaa

ctggcaagtc

ctgggccgca

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1776

60

120

180

240

300

30606

32
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-continued

actccaagaa tgaaaaggct ctgggccgca aaataa

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO o

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 6

tctgacagga tcatggctat g

<210>
<211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 7

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE : 7

cagcctggga cagacct

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 8

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 8

caggacaagt actccaaaag t

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 9

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 9

tgagaacctc tgaggaaacc

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 10

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 10

agcadcaddda tatttctcecce cta

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 11

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 11

actaaaaagg ccccgaaaa

<210>
<211>
<212 >

<213>
<220>

SEQ ID NO 12

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

36

21

17

21

20

23

19

34



<223>

<400>
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-continued

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 12

cctetggtee cagttatgt

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 13

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 13

tggtttccte agaggttctce

<210>
<211>
<212 >
<213>
«220>
<223 >

<400>

SEQ ID NO 14

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 14

acggagttgc cacttgactt

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 15

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 15

gaaactacct tcaactccat ¢

<210>
<211>
«212>
<213>
<220>
<223>

<400>

SEQ ID NO 1eo

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 16

cgaggccagg atggagccgce ¢

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 17

cggatccatg gctatgatgg

<210>
<211>
«212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 41

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: synthetically generated oligonucleotide

SEQUENCE: 18

ttattttgcg gcccagagcece ttttcattcect tggagtcttt ¢

<210>

SEQ ID NO 19

19

20

20

21

21

20

41

36
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-continued

<211> LENGTH: 12

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 19

Cys Thr Pro Arg Met Lys Arg Leu Trp Ala Ala Lys
1 5 10

<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetically generated oligonucleotide

<400> SEQUENCE: 20

aagacccttg tgctcgttgt c 21

<210> SEQ ID NO 21

<211> LENGTH: 21

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetically generated oligonucleotide

<400> SEQUENCE: 21

aaaacactag ttctagtagt c 21
What 1s claimed 1s: 2. The method of claim 1, wherein said mammal 1s a
1. A method for treating a mammal 1n need of reduced human.

TRAIL-1nduced apoptosis, said method comprising admin-
istering to said mammal an effective amount of a substantially 3>
pure polypeptide comprising the sequence set forth 1n SEQ

1D NO:1. x % % % %
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